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CHAPTER I 
INTRODUCTION 
One of the most common, and frequently overlooked, 
postoperative complications in elderly patients that 
contributes to both longer hospital stays and increased 
hospital costs is delirium (Rockwood, 1990; Francis, Martin, 
and Kapoor, 1990; Lipowski, 1990; Levkoff, Besdine, and 
Wetle, 1986) . Delirium is a disorder of attention and 
cognition with a reduced level of consciousness, marked 
increase or decrease in psychomotor activity, and a 
disturbed sleep-wake cycle. This disorder fluctuates 
diurnally and is characterized by abrupt onset and a 
relatively short duration of hours to days (APA, 1994) 
(Appendix A) . 
Approximately 10% to 50% of elderly postoperative 
patients experience delirium (Levkoff, Liptzin, Cleary, 
Reilly, and Evans, 1991). Age has been identified as one of 
the many predisposing factors for postoperative delirium 
(Blass, Nolan, Black, and Kurita, 1991) (Appendix B). 
Although many studies have been done on postoperative 
delirium in the elderly (Table 1), Miller and Lipowski 
(1991) note that studies of differences in the phenomonology 
Table 1 
Studies on Postoperative Delirium in the Elderly 
Author/Tool 
Williams, et 
al., 1979 
MMSE and 
interview 
Sheppeard, et 
al, 1980 
Tune, et al., 
1981 
Seymour & 
Pringle, 1983 
Tool not 
identified. 
Williams, et 
al., 198Sa 
Pfeiffer's 
(197S)-
(SPMSQ) 
Sample 
n=91 
60-94 y.o. 
hip 
fractures 
n=lOO 
7S-91 y.o. 
total hip 
re-
placements 
n=29; 
29-7S y.o.; 
cardiac 
surgery 
n=2S8; 
~ 6S y.o.; 
General 
surgical 
patients 
n=170; 
60-96 y.o. 
traumatic 
hip fracture 
Comments 
Tested first, 
third, and 
fifth post-
operative day 
(POD) 
Delirium 
associated 
with 
anticholiner-
gic drug use. 
91 (3S%) 
patients had 
complications 
Studied for S 
days postop. 
Incidence 
26% not 
mentally 
clear PODl; 
14% not 
clear POD3; 
8% not clear 
PODS. 
26% 
confusion, 
within 24 
hours for S 
days 
10 delirious 
during first 
postop week 
2S (9. 7%) 
acutely 
confused 
13.S% male; 
4.S%female 
(p < O.OOS) 
Sl. S% 
confused: 
11.8% on 
admission, 
2S.9% by 
PODS 
2 
Williams, et 
al, 1985b 
SPMSQ 
Furstenberg & 
Mezey, 1987 
Berggren et 
al., 1987 
OBS (Organic 
Brain Scale) 
Simpson and 
Kellett, 1987 
State-Trait 
Anxiety 
Inventory; 
MMSE, and 
Reaction Time 
n=57 
intervention 
sample; 
n=170 non-
intervention 
.Z.60 y.o. 
(from 1985a 
study) 
n=98 
60 years and 
older hip 
fracture 
patients 
n=57 
2:64 y.o. 
hip fracture 
n=45 
>60 y.o. 
total hip 
replacement 
Data col-
lected from 
admission to 
PODS 
Mental 
impairment 
=symptoms of 
delirium 
Halothane vs. 
epidural 
anesthesia; 
Early postop 
hypoxia 
associated 
with 
confusion 
(p<. 05) 
Assessed PODl 
and POD2 
between 5pm 
and 7pm. 
Anxiety not 
associated 
with 
delirium. 
43.9% inter-
vention 
sample; 
52.5% non-
intervention 
sample 
26% mentally 
impaired 
after 
surgery 
44% 
confused: 
50% epidural 
38%halothane 
Confusion 
correlated 
with: 
depression(p 
< • 01) f 
anticholi-
nergics 
(p<. 005) 
All patients 
showed some 
cognitive 
decline 
3 
Gustafson et 
al., 1988 
OBS 
Rogers, et 
al., 1989 
Mini Mental 
State Exam; 
DSMIII 
criteria 
Seymour, 1989 
Gustafson, et 
al, 1991 OBS 
Bowman, 1991 
State-Trait 
Anxiety 
Inventory 
(STAI); MMS; 
Nurses' Form 
for Recording 
Delirium 
Signs 
checklist 
n=lll 
.2:_65 y.o. 
fractures 
n=46 
.2:. 60 y.o. 
orthopedic 
n=288 
.2:. 65 y.o. 
surgical 
n=103 
65-102 y.o. 
mean age 
79.5 
fractured 
femur 
n=44 
60-91 y.o. 
22 planned 
surgery 
patients; 22 
unplanned 
surgery 
patients 
Confused 
patients 
older than 
non-confused; 
Anticholi-
nergic drugs, 
depression, 
CVA 
associated 
with 
confusion. 
Attention 
span measured 
POD 2,3,4,and 
7. Evaluated 
for delirium 
POD4 and for 
duration of 
delirium 
PODll or pre-
discharge. 
Acute illness 
precipitated 
delirium. 
Compared 
results to 
1988 study 
which was 
used as the 
control. 
Assessed 
preop, then 
once each day 
for 5 days, 
using all 
three tools. 
68(61%) 
confused; 
37 (33%) 
confused 
preop; 
31 (28%) 
confused 
po stop 
13(28%) 
possibly (8) 
or 
definitely 
( 5) 
7% delirious 
47.6% 
intervention 
study; 
61. 3% 
control 
study 
(p<O. 05) 
8 of the 44 
or 18% 
developed 
delirium; 1 
in the 22 
planned OR 
and 7 in the 
22 unplanned 
(32%) 
4 
5 
of delirium between older and younger surgical patients have 
yet to be carried out. 
Most studies on delirium have been atheoretical with 
few attempts to reach conceptual clarity (Foreman, 1993). 
According to Neelon and Champagne (1992) delirium is a 
disturbance in information processing resulting from a 
reversible, diffuse impairment of higher cortical function 
including the loss of attention and alertness. To process 
information successfully, individuals need to attend to 
significant information in the environment, encode it, and 
then store it in either short-term, working memory or long-
term memory for later retrieval. Alteration in any phase 
can contribute to the occurrence of delirium. 
Attention is essential in both the initial encoding 
phase and in the latter retrieval phase. Some researchers 
claim that attentional capacity remains stable in 
individuals while others claim it changes with age and 
experiences. Although many researchers have suggested that 
attentional capacity declines with age, or possibly that 
attentional demands of processing increase with age, 
supportive research in the area is lacking (Salthouse, 
1991). 
West and Sinnott (1992) argue that failing to attend 
selectively to some points of information is the reason for 
many alleged "memory" failures. One must attend to the 
information, and encode it so it might be used in working 
memory. Working memory is the structure and process 
involved in simultaneously holding information in the mind 
and applying that information to other incoming information 
to solve a problem, make a decision, or learn some new 
concept (Craik and Jennings, 1992). According to Craik and 
Jennings (1992), studies support the common belief that the 
elderly do less well on working memory tasks. It is 
possible that this might be the basis for many age-related 
cognitive performance deficits. 
6 
Delirium is a disorder of attention and cognition with 
a reduced level of consciousness. The aging process sets 
the stage for delirium. As neurons are lost with age, 
neurological insults previously well tolerated may no longer 
be tolerated as well (Blass, et al., 1991). Surgery, 
anesthesia, and the postoperative period, present the 
potential for such neurological insults to elderly 
postoperative hip surgery patients. Thus, information 
processing is hindered by poor biological hardware. 
Among ten proposed research priorities for the study of 
delirium, Lipowski (1991) includes the study of differences 
in the phenomenology of delirium between older and younger 
patients, and the study of reasons for a high incidence of 
postoperative delirium following surgery of femoral neck 
7 
fracture. Tune (1991) notes that one area which is a 
research priority is the effect of delirium on elderly 
patients specifically, the need to determine risk imparted 
by being 70 or 80 or 90 years of age as opposed to being a 
relatively youthful 60. As the elderly population 
increases, the need to understand and appreciate effects and 
risks of postoperative delirium in the elderly is a critical 
concern (Tune, 1991). 
Reported prevalence rates of delirium in elderly 
hospitalized patients at the time of admission vary greatly 
depending on the population studied. The most recent study 
on medical and surgical patients 65 years of age or older 
found a prevalence rate of 11% (Schor, et al, 1992). 
Gustafson, Berggren, Branstrom, et al. (1988) reported a 
prevalence rate of 33% among femoral neck fracture patients 
preoperatively. 
Delirium occurs in approximately 24 to 80% of 
hospitalized elderly patients (Foreman, 1989). Estimates of 
delirium in postoperative elderly patients vary from 6.8% to 
51.5% (Levkoff, et al., 1991). This wide range might be due 
to differences in diagnostic criteria and assessment 
methods, and the variety of settings or patient populations 
studied. Neelon and Champagne (1992) found that almost half 
of the patients in their most recent studies on delirium 
were delirious upon discharge. Delirium does occur fairly 
frequently in hospitalized elderly medical and surgical 
patients. 
In patients who have sustained femoral neck fractures, 
the instance of delirium can be three times higher than in 
patients who have experienced other surgeries (Berggren, 
Gustafson, Erikson, Bucht, Hansson, Reiz, and Winblad, 
1987). Jahnigen (1990) found that 50% of hip fracture 
patients experience delirium during their hospitalization 
and do more poorly during the rehabilitation period than 
their counterparts who were not delirious. Delirium can 
also be an early sign of deteriorating physiological status 
(Foreman, 1984; Francis & Kapoor, 1990; Lipowski, 1990). 
8 
Delirium in elderly patients seems to occur more 
frequently in twilight hours and is often referred to as 
sundown syndrome. Whether this is due to fatigue, 
increasing darkness, or sensory deprivation is still a 
perplexing research question. Evans (1987) identified 
sensory deprivation as a contributing factor in sundown 
syndrome observed in elderly institutionalized patients. It 
is unclear what patient characteristics are commonly 
associated with delirium in the elderly postoperative 
patient at twilight. 
Delirium is a significant problem in elderly patients 
following surgery. It can delay recovery from hip surgery 
and discharge from the hospital because it prevents the 
9 
patient from attending to and processing information related 
to daily care, patient education, and rehabilitation. 
Delirious patients pose a safety risk to themselves and 
often require additional supervision and at times restraint. 
Current and future trends of health care focus on shorter 
lengths of hospital stays. Therefore, delirium must be 
identified early and interventions initiated promptly to 
limit its effect and enhance the patient's participation in 
care while hospitalized and following discharge. 
The purposes of this study are to: 1) determine if age 
is significant in the development of delirium in elderly 
postoperative hip surgery patients; 2) determine if time of 
day is significant in the development of delirium in elderly 
postoperative hip surgery patients; and 3) determine if 
there is any interaction between age and time of day in the 
development of delirium in elderly postoperative hip surgery 
patients. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
Much has been written in the literature about delirium 
or confusion in elderly patients. This review of related 
literature will look at the theoretical framework of 
information processing and its components of attention and 
memory. Research in information processing and cognitive 
aging will be addressed. Research done related to typical 
cognitive changes that occur with aging as well as atypical 
cognitive changes such as delirium are also covered. 
Studies concerning delirium in the elderly who have 
undergone surgery, specifically orthopaedic surgery, will be 
identified. Finally, the small amount of literature on 
delirium related to time of day will be noted followed by a 
thorough review of studies done on various assessment 
instruments for altered cognition and delirium. 
Information Processing 
According to Neelon and Champagne (1992), delirium is a 
disturbance in information processing resulting from a 
reversible, diffuse impairment of higher cortical function 
including the loss of attention and alertness. Human 
Information Processing (HIP) is a model of human thinking 
10 
that applies the concept of information flow through a 
computer as an analogy of human thought (Halpern, 1989) . 
11 
According to van Zomeren and Brouwer (1994), since 
World War II the information processing framework has 
dominated experimental psychology partly due to the strong 
influence of communication theory and the telecommunication 
metaphor. In this framework stimulus attributes, such as 
sound or color, are automatically processed in parallel. 
The stimulus is then identified and a response selected. 
Shiffrin and Schneider (1977) developed a two-process 
model of information processing inspired by the computer 
metaphor which represents a more flexible system and 
provides a more selective mechanism on the basis of computer 
software. These researchers further distinguished automatic 
and conscious processing of information. 
Similar to a computer, one takes in information from 
the environment (input), processes the information, and then 
outputs information (Halpern, 1989) . This is where the 
similarity ends. Computers are able to perform the same 
task again and again and obtain the same result each time, 
without losing or jumbling information. Computers do not 
tire and can work faster than humans. Humans experience 
emotions, fatigue, as well as the aging process all of which 
can interfere with how well information is processed. The 
information processing model does not account for such human 
individual differences. 
The first stage of information processing is labeled 
input, or acquisition. Acquisition of information, an 
individually selective process, is important for future 
memory because information must first be acquired if it is 
to be remembered. Attention is important at this point. 
12 
The period between acquisition of information and its 
use is called retention interval. Retention interval, or 
memory, is divided into short-term and long-term memory. 
Short-term memory refers to the memory system which covers 
short retention intervals of about 30 seconds to 1 minute 
and is where processing of information occurs. Working 
memory has limited "slots" for information. The more ways 
information can be represented in short-term memory, the 
more effective the processing will be. Information can stay 
in short-term memory indefinitely if it is actively 
rehearsed (Bransford, 1979) . 
The rest of memory from 1 minute to a lifetime is 
called long-term memory where information is stored for 
future retrieval. Information from the external environment 
must be processed in working memory before it can enter and 
be stored in long-term memory. Filtering followed by 
rehearsing and organizing, or "chunking" information for 
filing is the best way to store information and avoid its 
loss (R. Morgan, lecture notes September, 1990). Long-term 
memory must first enter working memory before it can be 
assessed and used in thinking, creativity, and problem 
solving. 
13 
The ability to remember information is called 
retrieval (Halpern, 1989). According to Halpern (1989), 
information cannot be recalled accurately unless it was 
attended to during acquisition. How events are interpreted 
or encoded by the individual determines what is remembered. 
Alterations of memory of an event can occur during either 
the retention interval or retrieval stage. People best 
remember information that is most significant for them and 
that which they can easily comprehend. Thus, attention and 
memory are essential components of information processing 
which may be influenced by human individual differences and 
experiences such as delirium. 
Attention 
Attention affects how information is processed and 
therefore contributes greatly to cognition (Lipowski, 1990). 
Lipowski (1980) noted that attentional deficits which can be 
observed in delirium include an impaired ability to: 
mobilize attention, select information inputs, sustain 
attention, and shift attention. Spontaneous fluctuations of 
alertness, and abnormally reduced or increased alertness 
might also be observed. 
Attention may be identified as the first stage in 
14 
information processing. This important stage can be lost in 
delirium. James (1890) defined attention as "the taking 
possession by the mind, in clear and vivid form, of one out 
of what seem several simultaneously possible objects or 
trains of thought. Focalization and concentration of 
consciousness are the essence of attention which implies 
withdrawal from some things in order to deal effectively 
with others." (Vol. 1, pp. 403-404). Thus, the purpose of 
attention is to filter information selecting one aspect and 
then concentrating on it. The selective function of 
attention appears to remain constant throughout the aging 
process (Bayles & Kasniak, 1987). However, concentration is 
open to numerous types of interferences throughout the 
lifespan. Stress, surgery, and trauma all might impact 
concentration. 
Hartley (1992) identified four categories of research 
on attention in the elderly: 1) priming and cuing or 
externally initiated shifts of attention; 2) search tasks or 
internally initiated shifts of attention; 3) dual-tasks or 
sharing of attention; and 4) sustained attention and 
vigilance. 
Research has shown that cognitive priming reflects 
unconscious, automatic processing of such stimuli as word 
meanings or spatial locations. Cuing is a conscious 
preparation for a stimulus. A directional arrow is a good 
15 
example of cuing (Hartley, 1992). Numerous studies have 
shown that priming effects produce the same results in both 
young and old subjects. However, negative priming (NP) 
produces different results in young compared to old 
subjects. NP is the result of previous inhibition of a 
subsequent target item. McDowd and Oseas-Kreger (1991) 
conducted a NP experiment and found that response times of 
older subjects were slowed by distracting stimuli and thus 
showed NP effects. 
In addition, Hasher and Zacks (1988) observed that when 
elderly persons converse, they may experience intrusions of 
personal memories and stray from the topic of conversation. 
One stimulus inhibits another stimulus because elderly 
persons are less adept at filtering their attention. 
Similarly, Tipper (1991) noted that distracting stimuli 
hindered performance more in older than younger subjects. 
He suggested that inhibition might be an indicator for 
syndromes characterized by altered cognitive processes. 
The Stroop task is a procedure in which irrelevant 
information is noted immediately and must be suppressed. 
That is, for example, the name of a color is printed either 
in that color named or in another color. It is easier to 
remember the word printed in its own color than the name of 
a color printed in another color. An example would be the 
word red printed in red rather than printed in blue. 
16 
Results from the Stroop task done by Cohn, Dustman, and 
Bradford (1984) showed that time to name colors with 
incongruent words increases more rapidly with age than does 
time to name the color of same colored bars. In summary, 
effects of externally initiated shifts of attention such as 
priming and cuing are usually larger for older subjects than 
for younger subjects when measured by absolute reaction 
times. 
Search tasks, or internally initiated shifts of 
attention, can be guided from targets held in memory, by 
visual targets or by examination of available targets. The 
larger the field the longer the search takes. Studies have 
shown that the elderly tend to experience a decline in their 
ability to inhibit intrusive irrelevant information or 
stimuli when involved in search tasks. Plude and Hoyer 
(1985) suggest that spatial localization becomes impaired 
with old age. Their study showed that it is difficult for 
elderly individuals to filter out distracting visual stimuli 
and find a desired object. Madden (1990) studied 
differences in response time of attentional processing in 
young and old in trials of responding to finding one of two 
letters in a visual display. Elderly people responded more 
slowly when nontarget letters were also present in the 
display. 
Madden (1987) also looked at reaction time in elderly 
17 
individuals when both visual and tone detection tasks were 
performed concurrently. Reaction time was longer for 
elderly individuals compared to younger individuals when 
both tone and visual stimuli were present. Madden (1987) 
studied visual search and tone detection simultaneously in 
young and old. For both groups it was easier to find a word 
than a pronounceable "nonword". Increased attentional 
demands were experienced with combined tone and nonword 
search. Overall, the older group was less efficient in the 
search task and more vulnerable to attentional demands. In 
summary, although the process apparently does not change 
with age, search tasks or internally initiated shifts of 
attention take longer in the elderly. 
Dual tasks represent a sharing of attention between 
simultaneous tasks. Studies have been conducted on divided 
attention in elderly subjects. Ponds, Brouwer and Van-
Woeffelaar (1988) found that in simulated driving tasks the 
elderly showed a decreased ability to divide their attention 
when compared with young and middle aged subjects. McDowd 
and Craik (1988) found that division of attention increases 
task complexity which, in turn, exaggerate age differences. 
McDowd and Filion (1992) studied attention to relevant 
and irrelevant auditory stimuli in young and old subjects. 
Young subjects habituated more quickly while older subjects 
showed no difference in habituation. Thus, studies show 
that the elderly individuals have decreased inhibition to 
interfering auditory stimuli when attending to auditory 
information. Barr and Giambra (1990) also found that the 
elderly experience a decrement in auditory selective 
attention. 
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Sustained attention tasks or vigilance can target 
sensory or cognitive tasks. Gridley, Mack, and Gilmore 
(1986) found that the capacity to sustain attention does not 
decline with age. Stankov (1988) found that changes in 
attentional processes contribute to changes in human 
intelligence which occur with age. He noted that if 
attentional processes are controlled an increase in 
crystallized intelligence with age becomes greater and 
decline in fluid intelligence with age disappears. Fluid 
intelligence refers to abilities that come naturally to the 
individual independent of education and are due to 
incidental or casual learning. Crystallized intelligence 
refers to abilities based on experience and the influence of 
schooling, acculturation, and other learning experiences. 
Two rationales for alteration in attention with age are 
suggested. First, age-related effects in attention could be 
expressions of a general slowing of cognitive operations 
with age (Cerella, 1985; Hale, Myerson, & Wagstaff, 1987; 
Salthouse, 1985). Second, a reduced visual field with age 
may have been mistaken for age changes in attention 
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(Cerella, 1985) . 
Age-related differences in attention might be explained 
theoretically by the reduced energy for cognitive processing 
experienced with aging (Salthouse, 1985, 1988a, 1988b, 
1988c, 1988d). Hartley (1992) claims this hypothesis is too 
ill-defined to make strong, testable predictions. 
Generalized slowing of processing with aging does not 
explain all research findings about attention in the 
elderly. Although the reduced inhibition theory sounds 
feasible, it does not explain findings which are left 
unaddressed by the slowing theory (Hartley, 1992). 
In summary, there are numerous theoretical explanations 
for age-related differences in attention ranging from broad 
to specific. Some identify the differences as actual and 
some claim altered attention is related to artifact in the 
environment. Hartley (1992) suggests that further research 
in cognitive neuroscience might be the most appropriate 
model to follow in the future to better understand aging and 
attention. 
Memory 
Impairment of cognitive processes such as thinking, 
perception, and memory are diagnostic features of delirium. 
According to Lipowski (1990), either abnormally reduced or 
increased levels of awareness and distractibility hinder the 
patient's ability to register and retain information. Both 
of these abilities are essential for accurate memory. 
Numerous studies that apply various models and theoretical 
frameworks about memory have been conducted on memory and 
aging. 
Four models have been applied in the study of memory: 
1) Piaget's developmental or organismic model; 2) the 
behavioristic model; 3) the contextualistic model; and 4) 
the information processing model (Rebok, 1987). 
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Although Piaget links memory to cognitive operations, 
his research addresses primarily childhood cognitive 
development rather than changes in memory processes in the 
elderly (Rebok, 1987). The behavioristic model views memory 
as a chain of stimulus-response associations. Repeated 
associations foster memory. Interference with association 
or disuse can cause forgetting. In the contextualistic 
approach, subjects change characteristics of information to 
be more significant for them. Bartlett's (1932) classic 
study about a Native American Indian story "The War of the 
Ghosts" is a good example of this. In this study, subjects 
changed Indian terms like "canoe" to more familiar words 
like "boat" to make the story more meaningful to them and 
therefore easier to remember. And finally, information 
processing portrays memory as a linear function where 
information is sensed, registered, processed, and then 
stored for future retrieval. 
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Memory research over the past decade has centered 
primarily on a cognitive, information processing approach 
(Craik & Jennings, 1992) . The information processing model 
allows one to focus on specific memory processes in order to 
see how Piaget's cognitive operations address memory events 
in later adulthood. According to Poon (1985) and Kaszniak, 
Poon, and Riege (1986), the information processing model is 
based on the assumptions that: 1) individuals actively learn 
and retrieve information, 2) responses can be analyzed 
quantitatively and qualitatively, and 3) flow of information 
can be traced through memory processes. This model deals 
with such terms as: sensory register, short-term and long-
term memory, primary and secondary memory, storage 
structures, operative structures, episodic and semantic 
memory, and memory structure. 
In the linear format of information processing, the 
sensory register accepts input from one of the five senses. 
Information remains in the sensory register for a short time 
to be attended to and transformed. Before it experiences 
decay it moves to the short-term memory where it stays 
briefly. Here information is either rehearsed, organized, 
or elaborated on to make it more meaningful. Information 
then moves on to long-term memory. This storage space is 
thought to be limitless. Information is retrieved from here 
to short-term store as needed. 
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Developmental changes in memory are believed to be due 
to changes in the control processes of either rehearsal, 
organization, or elaboration (Rebok, 1987). There are many 
reasons why memory might fail. First, there may be a 
limited capacity of memory stores, especially the short-term 
store. Second, there might be a decay of information in 
memory store. Third, there might be a failure of successful 
transmission of information from one store to another. And 
finally, there might be a combination of one, a few, or all 
of these factors. Research has shown that, with age, there 
is a slowing in the ability to retrieve information from 
memory stores. The greatest degree of slowing has been 
observed in retrieval of information from long-term memory 
(Bayles & Kaszniak, 1987) . 
Most recently there has been a shift away from linear 
information processing model where components were viewed as 
stores to a "levelsw of information processing concept where 
the same components are viewed as processes rather than 
stores. This shift occurred due to evidence suggesting that 
qualities of the various stores vary with situations (Bayles 
& Kaszniak, 1987). Some of these situations might be the 
postoperative experience or time of day. 
Craik and Jennings (1992) note that research in memory 
may be grouped under one of three broad theoretical 
frameworks: memory stores, processing, or memory 
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systems. Memory stores assume that memory works on a 
structural approach similar to information processing where 
encoding and storage of information is stressed more than 
retrieval. Age changes are easily understood with this 
framework because structures can change with biological age 
(Craik and Jennings, 1992). Baddeley (1986) devised the 
concept of working memory (WM) from studying memory stores. 
Working memory is the mental work carried out in short-term 
memory (Rebok, 1987) . 
Processing models look at mental activities rather than 
mental structures. Perceiving, attending, knowing, and 
acting in relation to memory can be studied using this 
framework. The positive aspect of these models is that one 
can examine different types of processing of information to 
be remembered. However, current processing ideas are vague 
and thus difficult to confirm by experimentation (Craik and 
Jennings, 1992) . 
Memory systems address four different memory classes: 
episodic, semantic, and procedural memory, and the 
perceptual representational system (PRS) . Episodic memory 
deals with ability to recall specific events from one's own 
past memory of specific events. Semantic memory addresses 
memory for general knowledge acquired via learning. 
Procedural memory is the influence of previous experiences 
on present performance (Tulving, 1983). PRS is presemantic 
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and can function without episodic and semantic memories. 
Priming, which was discussed under attention, is 
attributed to PRS. Priming is evident when subjects exhibit 
memory of recent stimulus during an action, but are 
consciously unaware they have been exposed to the stimulus. 
Individuals are not aware of PRS which develops early in 
life and lasts throughout the life span (Craik & Jennings, 
1992) . 
Research has also been conducted on prospective memory 
in the elderly. Prospective memory is the ability to 
remember a future action like keeping an appointment, or 
being told to remember a list of three words. Craik (1986) 
believed prospective memory would be most vulnerable to 
aging because one must "remember to remember" at some point 
in the future. Prospective memory can decline with age, 
especially when environmental cues are not utilized. High 
functioning elderly persons are usually aware of this and 
use cues to remind themselves of future events. 
Metamemory refers to knowledge of one's own memory 
processes. Metamemory can effect the ability of elderly 
persons to encode, store, and retrieve information. Young 
and old tend to overestimate their memory abilities. Memory 
complaints in older adults have been attributed to 
depression (Bolla, Lindgren, Bonaccorsy, & Bleecker, 1991). 
Fisher (1991) found that before memory complaints of the 
elderly can be addressed, their performance, mood, health, 
and past history must be assessed due to their impact on 
metamemory. 
Attention and memory are essential components in the 
information processing model. Individual differences such 
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as age, the environment, experiences, and possibly time of 
day might impact attention and memory and thus information 
processing in the elderly. This might be evident in the 
phenomenon of post-operative delirium. Current research on 
cognitive aging and delirium will now be examined more 
closely. 
State of the Field of Cognitive Aging Research 
Salthouse (1991) noted that although theoretical views 
of cognitive aging have been studied over the past 70 years, 
no one has examined them systematically. According to 
Salthouse (1991), a theoretical framework is necessary to 
provide an organizational format for research. Such a 
framework allows numerous studies to be more easily 
assimilated and provides direction for research by noting 
which studies are most essential. 
Salthouse (1991) examined theories which attribute 
events in cognitive aging to: 1) the external environment; 
2) patterns of disuse; 3) qualitative shifts in processing; 
4) specific or localized deficits in aspects of memory, 
reasoning, or spatial functioning; and 5) general 
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impairments in processing. 
The environmental changes perspective contends that 
people age in a complex environment which changes with time. 
People encounter different experiences at different points 
in history. Age changes might be attributed to changes in 
the external environment rather than deterioration of the 
individual. For example, people who grew up in the 1930's 
experienced very different environmental factors than people 
who grew up in the 1950's. The environment has an impact on 
what is learned and ho~ it is learned and thus, the person's 
cognitive abilities might be influenced. This environmental 
perspective is more of a framework than a theory or model 
due in part to its vagueness. 
The disuse perspective holds that developmental 
changes in later life are the result of the pattern and 
frequency of daily experiences over a lifetime. That is 
that the more a person is engaged in intellectual activities 
the better they will function cognitively. Similar to the 
environmental perspective, the disuse perspective is more of 
a framework than a theory or model. 
The perspective which addresses specific or localized 
deficits in aspects of memory, reasoning, or spatial 
functioning refers to analytical research. It attempts to 
identify processes impaired by age rather than identify the 
source of the impairment. The general impairments in the 
processing perspective suggest that changes in cognitive 
function with age may be attributed to age related changes 
in just a few general factors. All of the perspectives 
account for development and nondevelopment which Salthouse 
(1991) claims are essential for a good development theory. 
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The localization perspective addresses specific or 
localized deficits in aspects of memory, reasoning, or 
spatial functioning and refers to analytical research. This 
perspective appears to be the most appropriate one to apply 
in studying such components of typical and atypical 
cognitive aging as attention, perception, memory, and 
problem solving. 
Research in the area of cognitive aging has currently 
taken an information processing approach and examines the 
levels of processing and how these levels might be altered 
by typical or atypical aging. Although numerous studies 
have been done on areas such as attention, perception, 
memory, and problem solving, further research is needed. We 
need to learn why not all elderly people experience the same 
effects of aging on their cognitive abilities in the same 
manner. What actually is typical and atypical aging is just 
now beginning to be understood. 
Additional studies in the elderly population are needed 
in the various areas of cognition mentioned because this 
population is growing. Because of modern medicine and 
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technology, elderly people are living longer and more 
productive lives. Past approaches to working with and 
teaching elderly individuals may no longer apply. Elderly 
persons are patients in acute and chronic care settings, as 
well as in the coromunity health care setting. A better 
understanding of their cognitive development would allow 
health care professionals to provide optimal care to elderly 
patients by teaching them more appropriately, and assessing 
for them for atypical cognitive aging patterns so they might 
be dealt with more appropriately. 
Not all elderly persons age identically; however, we 
still do not know why. Further research is needed in the 
area of delirium in persons who have been experienced 
typical cognitive aging and who have also experienced 
confusion. By better understanding typical and atypical 
cognitive aging we can promote a better quality of life for 
elderly persons and possibly avoid problems related to 
delirium following surgery. 
Delirium 
One example of atypical cognition in the elderly is 
delirium. Delirium occurs frequently in elderly 
hospitalized patients often eliciting fear in both patient 
and family. It can be the sign of either metabolic 
imbalance, infection, or cardiopulmonary problems (O'Brien, 
1992). Delirium causes thinking to become disorganized and 
fragmented. Components of attention which are affected 
include the person's alertness, selectiveness, and 
directiveness (Koponen, & Riekkinen, 1989). At times, 
delirium may not be identified or may be misdiagnosed 
(Lyness, 1990) . 
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Beresin (1988) described delirium as a transient 
organic psychiatric syndrome characterized by acute onset, 
altered consciousness, impairment in cognition, perception, 
and behavior. Language impairment, memory disorders, and 
delusions most often due to a metabolic abnormality have 
also been noted. Most delirious elderly patients make a 
full recovery. 
According to Lipowski (1990), delirium has been 
observed and studied both by physicians and psychologists 
since the time of Hippocrates. Robinson, in 1939, was the 
first to note a correlation between delirium and increased 
age as well as the role of cerebral metabolism in the 
pathogenesis of delirium (Lipowski, 1990). In the 1940's, 
Romano and Engel looked at clinical, psychological, and 
electroenchepalogram (EEG} data in patients with delirium 
related to various diseases (Lipowski, 1990). Engel and 
Romano were the first to go beyond descriptive studies and 
speculation to study delirium scientifically by using such 
objective measurement as the EEG. Since Engel and Romano in 
the 1940's there have been no breakthroughs in the research 
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of delirium (Lipowski, 1990). 
Studies on delirium in elderly patients following 
surgery have shown that preoperative risk factors for 
postoperative delirium include age over 75, male gender, 
preoperative medical problems, and preexisting brain damage 
or disease (Millar, 1984; Seymour, 1986; Seymour & Pringle, 
1989). Tune (1991) concurs with Lipowski (1990) regarding 
most of risk factors and also notes that increasing age, 
beginning as early as 50, is a risk factor (Appendix 2). 
Albert, Levkoff, Reilly, Liptzin, Pilgrim, Cleary, Evans, 
and Rowe (1992) noted that several studies suggested the 
prevalence of delirium to be positively associated with age. 
Factors predisposing to delirium include pre-existing 
organic brain disease or damage, age, and multiple chronic 
and/or acute diseases. Precipitating factors include drug-
drug interaction, anesthetic agents and other drugs, 
anticholinergics, local anesthetics, general anesthetics, 
and drugs which induce psychosis (Chung, 1993). 
Magaziner, Simonstick, Kashner, Hebel, and Kenzora 
(1989) found that delirium in elderly hip fracture patients 
was second to serious concomitant illness in predicting 
mortality. However, Levkoff, Evans, Liptzin, Cleary, 
Litpitz, Wetle, Reilly, Pilgrim, Schor, and Rowe (1992) 
found that after adjusting for the effects of age, gender, 
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preexisting cognitive impairment, and illness severity, they 
found that the association between delirium and increased 
risk of death was no longer statistically significant. 
Studies concerning postoperative delirium in elderly 
patients have been conducted in general surgery, cardiac 
surgery, eye surgery, and orthopaedic surgery (Table 1). In 
orthopaedic patients, studies have shown that delirium tends 
to occur frequently in elderly patients following either 
surgery to repair a hip fracture or to replace a hip joint. 
Today, the incidence of delirium following general 
surgery varies widely in the literature. Seymour (1986) 
notes that delirium occurs in approximately five to 10% of 
patients undergoing general surgery and in 10% to 15% of 
elderly patients specifically. However, Chung (1993) noted 
approximately 50% of elderly patients who have surgery for 
femoral fractures may experience postoperative delirium 
while 1-3% of the patients having cataract surgery might 
experience delirium. This large difference in incidence 
rates of delirium might be partially attributed to the type 
of surgery the patient had, different postoperative recovery 
periods, as well as how delirium is defined and assessed. 
Tune et al. (1981) studied 29 cardiac patients who had 
heart valve surgery. They ranged in age from 29 to 75 years 
with a mean age of 55. Patients were assessed 
preoperatively, 24 hours after surgery, and up to three 
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times during the first 2 weeks postoperatively. Ten of the 
29 patients developed delirium some time during the first 
week postoperatively. This was correlated to a high serum 
level of anticholinergic drugs. Neither age nor time of day 
of assessment was addressed in this study. 
Seymour and Pringle (1983) studied 258 surgical 
patients aged 65 years and older to identify postoperative 
complications in elderly surgical patients. Acute confusion 
was identified in 25 or 9.7% of the patients. Males and 
patients over 75 years of age seemed to be most likely to 
become confused postoperatively. The instrument used to 
assess confusion was not clearly described nor was time of 
day when the patients were assessed. 
Seymour and Vaz (1989) conducted another study on 288 
surgical patients 65 years of age and older to note 
postoperative complications following surgery. Delirium was 
noted in 7% of the patients. When delirium did occur it 
happened most often after abdominal surgery (15%) and after 
emergency surgery (18%). Patients over 75 years were most 
likely to become delirious. Time of day when assessments 
were done and how frequently they were done was not 
emphasized. 
Studies done on elderly patients who have had 
orthopaedic surgery such as femoral neck fracture repair or 
joint replacement surgery have identified incidence rates of 
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postoperative delirium. anywhere from 7% to 60%. According to 
Lipowski (1989), the frequency of delirium associated with 
hip fracture is nearly 50% and appears to correlate with a 
history of depression and use of anticholinergic drugs. In 
a study done by Simpson and Kellett (1987) on 45 total hip 
replacement patients ranging in age from 60 to 82 years, all 
patients showed some cognitive decline on the second day 
following surgery between 5:00 p.m. and 7:00 p.m., but none 
exhibited "clinical delirium". Associated factors and 
frequency of assessments were not identified. 
Seymour and Pringle (1983) studied 258 surgical 
patients. Ninety-four patients had a medical problem post-
operatively and only 26 had a surgical problem post-
operatively. Forty-seven patients had a combination of 
post-operative medical and surgical problems. Of those 
patients who had a medical problem, 25 (9.7%) became acutely 
confused. A statistically significant difference was 
observed regarding acute confusion and gender in that 13.5% 
of the men and 4.5% of the woIDen became confused post-
operative (p<.005). Patients over 75 years of age were more 
confused than those less than 75 years of age (p<.05). 
Seymour (1989) studied 288 surgical patients 65 years 
and older. Seven per cent of the patients became delirious 
postoperatively. A poor preoperative mental score and poor 
mobility were associated with two to three times the 
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incidence of post-operative delirium, but this trend failed 
to reach a level of statistical significance. 
Gustafson et al. (1988) studied 111 patients 65 years 
and older who had surgery to repair femoral neck fractures. 
Sixty-eight or 61.3% of the patients experienced confusion 
postoperatively. Some patients were already diagnosed with 
dementia on admission. The patients were assessed 
preoperatively and then numerous times postoperatively over 
a two week period using DSM-III criteria for delirium. Time 
of day of the assessments was not noted. However, acutely 
confused patients were noted to be older than nonconfused 
patients. 
Gustafson, Branstrom, Berggren, Ragnarsson, Sigaard, 
Bricht, Reiz, Norberg, and Winblad (1991) studied 103 
femoral neck fracture patients who ranged in age from 65 to 
102 years of age to evaluate the effects of a geriatric-
anesthesiologic intervention program for the prevention and 
treatment of acute confusional states in the elderly 
patient. In their intervention group 47.6% of the patients 
became confused as compared to the 61.3% they found in their 
control group from their 1988 study. The patients in this 
study were assessed using the Organic Brain Syndrome Scale 
on postoperative days 1, 3, and 7, but time of day was not 
noted. Old age, ventilator therapy, and hypoxemia were the 
main predictors for delirium on the first postoperative day. 
Patients were diagnosed based on the DSM-III criteria for 
delirium. In both the intervention group and the control 
group the incidence of postoperative confusion was fairly 
high. 
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Williams, Holloway, Winn, Wolanin, Lawler, Westwick, 
and Chin (1979) examined confusion in 91 hospitalized 
patients 60 to 94 years of age, with a mean age of 78, in 
seven different hospitals in five states, who had surgical 
repair for hip fracture to determine how nursing activities 
related to the degree of patient confusion. Patients were 
tested on the first, third, and fifth postoperative days. 
Time of day of the assessments was not noted. Twenty-six of 
the patients stated they were not mentally clear on the 
first day, 14% were not clear on the third day, and 8% 
stated they were not clear on the fifth day. Caregivers 
observed that 36% were confused on the first day, 33% on the 
third day, and 26% on the fifth day postoperatively. Thus, 
a gradual increase in mental clarity was noted. Most data 
were collected from chart reviews and nonstandardized 
instruments such as a demographic form, a patient interview 
form, an adaptation of a mental status form for testing 
immediate, recent, and remote memory and an adaptation of a 
test to assess the patient's ability to follow instructions. 
Members of the research group and assistants collected the 
data. The major dependent variables used in multiple 
regression analysis were memory (immediate and recent), 
observed behavior, and the patient's self-report of mental 
clarity. Older age was associated with poorer memory test 
scores on the fifth postoperative day and a poorer patient 
report of mental status on the same day. 
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In a study done by Williams, Campbell, Raynor, Musholt, 
Mlynarczyk, and Crane (1985a) to predict confusion in the 
first five postoperative days following repair of hip 
fracture, 51% of 170 postoperative hip surgery patients who 
ranged in age from 60 to 96 years, with a mean age of 78.8, 
became confused. Thirty-five percent showed mild confusion 
and 16% showed moderate to severe confusion. These patients 
had no prior history of mental impairment. Predictors for 
confusion were age, errors on a mental status test, and 
level of preinjury activity. The strongest predictor was 
the previous days' confusion score. When this was omitted, 
pain, narcotics, and mobility became important predictors. 
Patients were assessed on admission and through the fifth 
day following surgery. The Short Portable Mental Status 
Questionnaire (Pfeiffer, 1975) was used to assess the 
patients. Time of day when the patients were assessed was 
not noted. 
Williams, Campbell, Raynor, Mlynarczyk, and Ward 
(1985b) conducted another study by adding an intervention 
group to their previous study done in 1985 and found that 
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43.9% of the patients became confused postoperatively. Mild 
confusion was observed in 35.1% of the patients and 8.8% of 
the patients exhibited moderate to severe confusion. Again, 
a standardized instrument was not utilized for data 
collection and time of day was not recorded. Although fewer 
patients were confused following nursing interventions, the 
incidence still remained close to 50% which is consistent 
with claims made by Lipowski (1980) that almost half of 
patients 60 years or older admitted to general hospitals may 
exhibit some symptoms of mental impairment. 
Berggren et al. (1987) studied 57 patients aged 64 
years and older with femoral neck fractures to compare the 
incidence of postoperative confusion in patients who 
received halothane to those patients who had epidural 
anesthesia. They found that 44% of the patients experienced 
confusion following surgery. All patients were lucid on 
admission. Patients were assessed on admission using a 
modified form of the Organic Brain Syndrome Scale to detect 
confusion. Five patients, three who had received epidural 
anesthesia and two who had received general anesthesia, 
developed mental confusion after initial testing and 
remained confused during their hospitalization. Of the 
remaining patients, 13 became confused on the first 
postoperative day and seven became confused within the first 
week. The study found no statistical difference in the 
incidence of confusion between the two anesthetic groups 
although 14 (n=28) or 50% of the patients who had epidural 
anesthesia became confused and 11 (n=29) or 38% of the 
patients who had general anesthesia became confused. 
38 
Neither patient age, frequency, nor time of day when patient 
assessments were done were addressed. 
Furstenberg and Mezey (1987) conducted a retrospective 
study on 98 patients 60 years and older (mean age = 76.2 
years) hospitalized for hip fracture. The purpose of the 
study was to look at the progression of mental impairment in 
elderly hip fracture patients from admission to discharge 
and to see how it related to length of hospital stay, 
discharge destination, and fracture outcome. They chose a 
sub-group of 62 patients (63% of their total sample of 98) 
for whom mental status was reported at admission, after 
surgery, and at discharge. Thirty-four patients had no 
evidence of mental impairment either at admission or 
postoperatively, and only one was impaired by discharge. 
Sixteen patients were unimpaired on admission, but became 
impaired postoperatively and of these, 7 (44%) were still 
impaired by discharge. Those patients who experienced 
mental impairment had longer lengths of hospital stay. 
Advanced age, poor health, and urinary incontinence were 
variables associated with mental impairment. Type of 
fracture, or surgical procedure did not seem to be 
associated with length of stay, however mental impairment, 
urinary incontinence, age and total number of diagnoses 
were. 
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Additionally, old age and dementia were predictive 
factors in Furstenberg and Mezey's (1987) study. Drugs 
producing anticholinergic effects, depression, and 
cerebrovascular accidents were associated with confusion. 
Ninety-two per cent of the patients who experienced a 
perioperative blood pressure (BP) drop as low as 80 mm.Hg 
tended to become more confused than patients who experienced 
a less severe drop in BP. The highest incidence of 
postoperative delirium occurred with epidural block 
anesthesia and spinal block. All the severe drops in BP 
occurred in the epidural, spinal, and neuroleptic anesthesia 
groups. Presence of confusion was determined by information 
found in nurses' and physicians' notes. No standardized 
assessment tool for delirium was used. Time of day when 
patients were documented as being confused was not taken 
into account. 
Rogers, Liang, Daltroy, Eaton, Peteet, wright, and 
Albert (1989) studied 46 orthopaedic patients who had either 
knee or hip replacement surgery and were 60 years or older 
(mean age = 69.9 years) to determine the incidence, natural 
history, and risk factors associated with post-operative 
delirium. Patients were first screened using the Mood 
Adjective Checklist (MACL), the Zung Depression Scale, the 
Anxiety Inventory Scale, and the Health Assessment 
Questionnaire (HAQ) • They were then interviewed by a 
psychiatrist on the fourth day following surgery and 
assessed for delirium based on the DSM-III criteria. 
Twenty-eight percent of the patients were identified as 
confused postoperatively. The major risk factor for 
developing delirium was exposure to the drugs flurazepam, 
propranolol and/or scopolamine. Age and time of day of 
assessment were not looked at critically. 
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Bowman (1992) conducted a study on 46 surgical patients 
aged 60 to 91 years of age. Twenty-two patients had planned 
surgery and 22 had unplanned surgery. The purpose of the 
study was to examine both state and trait anxiety and their 
relationship to the outcome of delirium. The unplanned 
surgery group included more orthopedic surgeries while the 
planned surgery group included more urinary tract surgeries. 
The State-Trait Anxiety Inventory (STAI), the Mini-Mental 
Status Exam (MMSE), and the Nurses' Form for Recording 
Delirium Signs checklist were used to collect data. 
Delirious behavior was documented on the checklist any time 
throughout the twenty-four day. Patients were assessed 
preoperatively. The MMSE was adIDinistered each of the 5 
postoperative days and took place during the afternoon and 
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early evening. Eight of the patients developed delirium 
noted by either a score of 23 on the MMSE or by behavioral 
manifestations documented on the nurses' checklist. One 
patient developed delirium in the planned surgery group, 
while 7 (32%) of the patients in the unplanned surgical 
group developed delirium. Patients developed delirium at 
various stages postoperatively, but the greatest incidence 
occurred on the third postoperative day. Poorest cognitive 
performance was on the first and second postoperative days 
with the worst being on the first day. MMSE scores for the 
planned surgery group ranged from 24 - 30 while scores for 
the unplanned surgery group ranged from 16 - 30. Of the 
patients who developed delirium, 75% had undergone 
orthopaedic surgery. The study does not discuss in detail 
the relationship of age and time of day to the incidence of 
delirium. 
These studies show that the incidence of postoperative 
delirium is high in elderly orthopaedic patients. With the 
exception of the Bowman (1991) study, none of the studies 
assessed the patients daily. None of the studies assessed 
the patients consistently twice a day to increase the 
likelihood of noting delirium. It appears that research 
dealing with the incidence of delirium associated to time of 
day the patient is assessed is lacking in the literature. 
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Delirium in Elderly Patients Postoperatively 
Because it is transient in nature, delirium can often 
proceed unnoticed. The presence of delirium is not usually 
assessed within the first eight hours following surgery 
because anesthetic compounds usually have not been cleared 
from the body. Historically, patients have been observed to 
experience one of two types of delirium postoperatively. 
Emergence delirium occurs during the first 24 hours 
following surgery and lasts up to one day, while interval 
delirium appears 24 hours to one week following surgery. Of 
the two types, interval delirium is the more frequent form 
of postoperative delirium observed in elderly patients 
(Seymour, 1986). Early writers on the topic of 
postoperative delirium noted that it occurred two to five 
days after surgery. This observation is still valid and has 
yet to be explained (Lipowski, 1990) . 
Levkoff et al. (1992) studied 325 patients age 65 and 
older on both medical and surgical care units. They found 
that delirium might be less transient than thought. In 
addition, incomplete manifestations of delirium might also 
be more frequent than co][l]Ilonly thought. They noted that 
further research is needed to define the duration of 
delirium and its adverse consequences. Rockwood (1993) 
looked at how transient postoperative delirium really is. 
Contrary to Levkoff et al. (1992), he found that symptoms of 
delirium lasted longer than anticipated. In many cases, 
postoperative delirium lasted months after discharge. 
It is not clear why these studies' findings are so 
contradictory when compared to earlier noted studies. 
Further research is needed in this area. 
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Williams et al. (1979) studied 91 post-traumatic hip 
fracture patients age 60 to 94. Twenty-six per cent 
(N=20/78) of the patients reported that they were not 
mentally clear on the first day following surgery. Fourteen 
per cent (N=ll/79) reported they were not mentally clear on 
the third postoperative day. By the fifth day, only 8% 
(N=6/80) reported they did not feel they were mentally 
clear. The study does not address what the patients' status 
was on the second and fourth days post-surgery. This is 
important to note because delirium is a transient phenomena. 
Also, delirium present preoperatively was still there 
postoperatively; thus, it is difficult to determine if any 
variable had an impact on the patients' mental status. 
Severity of the symptoms of delirium can fluctuate 
throughout the day and may become worse in the evening. In 
the acutely ill, such cognitive deterioration late in the 
day signals a worsening of the patient's condition (Neelon, 
1990) . Little research has been done concerning this 
pattern (Lipowski, 1990). 
Evans (1987) studied 59 demented and 30 nondemented 
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nursing home patients 60 years of age and older to describe 
sundown syndrome and to determine factors related to its 
occurrence. Sundown syndrome is similar to delirium in that 
it also presents with disordered cognition, attention, 
sleep-wake pattern, and psychomotor behavior; however, its 
onset occurs usually at dusk. Episodes of delirium are more 
sporadic and can occur at any time of day. Evans used the 
Pfeiffer Short Portable Mental Status Questionnaire, the 
Philadelphia Geriatric Center Morale Scale, Face-Hand Test 
and did sensory screening. A Confusion Inventory, 
physiologic, psychosocial, and environmental data were also 
collected. Patients were assessed once in the morning and 
again in the evening for two days. Eleven patients were 
found to sundown. Sundowners were all 74 years or older. 
Ninety-one percent had cardio- and cerebrovascular 
disorders, while nine had organic mental syndromes and two 
had a history of cerebral vascular accidents. 
In addition to time of day, the quality of the 
assessment instrument is important when monitoring patients 
for delirium. Numerous instruments are available and have 
been used in various studies. 
Delirium/Mental Status Assessment Tools 
Conflicting incidence rates for delirium cited in the 
literature might be due to the various methods used to 
assess and diagnose delirium. According to Vermeersch 
45 
(1991), an ideal tool should place minimal strain on the 
patient, be easy to use frequently throughout the day by 
clinicians, and provide reliable and valid data in various 
settings. The tool should be based on a widely accepted 
definition of delirium, such as DSM-IV criteria, to allow 
for greater consistency in evaluation of research findings. 
Current methods for detecting delirium include mental 
status questionnaires, symptom checklists, psychomotor 
tests, and clinical interviews (Fraser, 1988; Levkoff, 
Liptzin, et al. 1991; and Nelson, Fogel and Faust, 
1986) (Table 2). Mental status questionnaires note only 
whether the patient is cognitively impaired. These 
questionnaires (Table 3) tend to consolidate findings into 
composite scores, thus equating deficits in areas such as 
attention, memory, and language. Many researchers are 
concerned about the influence of age, educational level, 
ethnicity, and language on the results of these assessments 
(Bird, Canino, Stipec, & Shrout, 1987; Bleecker, Bolla-
Wilson, Kawas, & Agnew, 1988; Escobar, Burnam, Karno, 
Forsythe, Landsverk, & Golding, 1986; Fillenbaum, Hughes, 
Heyman, George, & Blazer, 1988; Folstein et al., 1975; Jorm, 
Scott, Henderson, & Kay, 1988; Magaziner, Bassett, & Hebel, 
198 7) . 
Behavioral, symptom, and psychomotor rating scales 
(Table 4) address limitations of mental status 
Table 2 
Instruments Used in Diagnosis of Delirium 
Instrument/ 
Author 
Delirium 
Scale 
(Lowry, et 
al, 1973) 
SPMSQ-Short 
Portable 
Mental 
Status 
Question-
naire 
(Pfeiffer, 
1975) 
MMSE -
Mini-Mental 
Status Exam 
(Folstein, 
et al, 1975) 
Global 
Accessibili-
ty Rating 
Scale 
(Folstein,et 
al, 1975) 
Method 
Checklist of 
symptoms; 
58 items 
10 questions; 
5-10 minutes 
score = 
number of 
errors 
11 questions; 
5-10 minutes 
Score 0-30; 
.::;.24=confusion 
Based on 
Folstein's 
MMSE; Screen; 
analog scale 
Comments 
Not DSM III 
criteria 
Not DSMIII 
based; Gross 
measurement 
of organic 
brain deficit 
in elderly. 
Not DSMIII 
based 
Addresses 
only clouding 
of 
consciousness 
from DSMIII 
Reliability/ 
Validity 
Not 
described 
sufficiently 
to assess 
potential as 
diagnostic 
tool for 
delirium. 
Insensitive 
as a screen 
for delirium 
(Erkinjuntii 
et al, 1987) 
87%sensitive 
82% specific 
for delirium 
(Levkoff,et 
al, 1991) 
90%sensitive 
95% specific 
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CCSE -
Cognitive 
Capacity 
Screening 
Examination 
(Jacobs, et 
al, 1979) 
NEE CHAM 
Confusion 
Scale-
( Champagne 
et al, 1985) 
VAS-C -
Visual 
Analogue 
Scale for 
Confusion 
(Nagley, 
1984) 
CRS -
Confusion 
Rating Scale 
(William, et 
al, 1988) 
30 items; 5-
10 minutes 
score < 20 = 
cognitive 
impairment 
Checklist of 
9 scaled 
items with 3 
subscales; 
minimal 
response 
burden on pt; 
O=minimal 
responsive-
ness; 
30=normal; 
24 or less 
=confused 
10 cm 
horizontal 
line from No 
Confusion to 
Severe; nurse 
measures 
Checklist of 
confusional 
behaviors: 
score 0-2 for 
each area. 
Not DSMIII 
based; 
Identifies 
diffuse 
cognitive 
dysfunction 
associated 
with 
delirium, but 
not 
non-cognitive 
aspects. 
Correlation 
with 
MMSE=. 7 8; 
Compared with 
DSM III 
criteria, 
successful in 
identifying 
confused 
persons. Not 
designed to 
detect 
delirium as 
defined by 
DSMI IIR. 
Could be 
biased by 
nurse's 
subjective 
response. 
Does not 
address all 
symptoms in 
DSMJ I I; 
emphasis on 
general 
contusion 
100% inter-
rater 
reliability; 
71% validity 
with neuro 
pts 
.96 inter-
rater 
reliability; 
Cronbach's 
alpha=.86; 
test-retest 
in stable 
elderly .98 
98% 
interrater 
reliability; 
concurrent 
validity 
78%-79% 
agreement 
between 
results on 
CRS and 
mental 
status 
scores. 
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DRS -
Delirium 
Rating Scale 
(Trzepacz, 
et al, 1988) 
HSCS - High 
Sensitivity 
Cognitive 
Screen; 
(Fogel, 
1991) 
CAC-A -
Clinical 
Assessment 
of Confusion 
(Vermeer sch, 
1990) 
CAM -
Confusion 
Assessment 
Method 
(Inouye, et 
al, 1990) 
DSI -
Delirium 
Symptom 
Interview 
(Albert, et 
al, 1991) 
Checklist of 
10 itemSi 
based 24 hour 
observation 
Mental Status 
Questionnaire 
-not 
administered 
if I'1MSE~20; 
20-30 minutes 
Checklist 25 
psychomotor 
behaviors; 
score = # of 
behaviors; 
greater # = 
greater 
confusion. 
Questionnaire 
based on nine 
features of 
delirium. 
Checklist 
Operationali-
zes DSMIII 
criteria 
Assesses for 
cognitive 
impairment 
not delirium. 
Based on 
behaviors 
identified by 
nurses that 
help label 
delirium. 
Based on 
DSMIIIR 
criteria. 
Specific, 
reliable, 
easy to use. 
Utilizes 
DSM III 
criteria. 
High inter-
rater 
reliability. 
Intraclass 
correlation 
coefficient 
of 0.99. 
High inter-
ra ter 
reliability. 
98%reliabi-
li ty; 
71% validity 
Sensitivity 
100-94%; 
specificity 
95-90%; 
accuracy 
100-90%. 
Valid and 
reliable 
(Levkoff, et 
al, 1991). 
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Author/Tool 
Pfeiffer, 
1975; SPMSQ 
Erkinjuntii, 
1987; SPMSQ 
Fol stein, 
1975; MMSE 
Kaufman, et 
al., 1979 
CCSE 
Faust & 
Fogel, 1989; 
HSCS 
Albert, et 
al. ;DSI 
Table 3 
Mental Status Questionnaires 
Subjects 
n=997 2: 60 
years old 
n=119 
community 
residents; 
n=282 
hospital 
patients ~ 65 
years 
n=24 medical 
patients 
n=60 
n=50; .2 60 
years 
Summary 
10 items; 
Gross measure 
of organic 
impairment 
Assesses 
short-term 
and long-term 
memory, 
orientation 
to 
surroundings, 
information 
about current 
events, and 
ability to do 
math tasks. 
11 items; 
assesses for 
delirium 
30 items 
screen for 
cognitive 
deficits 
Assesses 7 
symptom 
domains for 
delirium 
Evaluation 
Validity(V) 
92% 
Reliability 
(R) • 82 
4 errors: 
sensitivity= 
17.1% & 
specificity= 
100%; 
2 errors: 
sensitivity= 
73.2%; 
specificity= 
89.0% 
Does not 
measure 
delirium 
Does not 
test for 
delirium 
Sensitivity= 
.90; 
specificity= 
.80; 
Interrater= 
.90 
+predictive 
value=.87 
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questionnaires, depend on observations, and examine delirium 
rather than mental status alone. These objective tools may 
be administered by non-psychiatric clinicians and may be 
used to assess patients who are either unable to fill out 
questionnaires or who experience subtle, rapid behavior 
changes. However, because the examiner's judgments are 
subjective, the tools can be somewhat unreliable (Kautz, 
Cheung, & Walker, 1991; Levkoff et al., 1991). Behaviors 
assessed by these scales are not specific to delirium 
(Foreman, Pompei, Lee, Ross, & Rudberg, 1991). In addition, 
some procedures, such as the psychomotor skills, cannot be 
performed by all subjects (Anthony, LeResche, Vonkorff, Niaz 
and Folstein, 1985; Levkoff et al., 1991; Trzepacz, Baker, 
and Greenhouse, 1988). Jt is questionable whether these 
tools control for level of education and age of the subjects 
(Pauker et al., 1978). Because not all aspects of acute 
confusion are measured, distinction between acute and 
chronic delirium cannot be made (Levkoff, et al., 1991). 
Clinical interviews obtain data on delirium from 
patient, family members, and caretakers who are most 
familiar with the patient's status before hospitalization. 
Nursing notes can also signal behavioral disturbances often 
overlooked by others (Francis & Kapoor, 1990; Levkoff et 
al., 1991). 
The Mini-Mental State exam (MMSE) has been used in many 
Table 4 
Behavioral, Psychomotor, and Symptom Checklist 
Author/Year/ 
Scale 
Lowy, et 
al., 1973, 
Delirium 
Scale 
Folstein, et 
al.,1975, 
Global 
Accessibili-
ty Rating 
Williams, et 
al, 1986, 
Confusion 
Rating Scale 
(CRS) 
Champagne, 
et al, 1987, 
Neecham 
Confusion 
Scale 
Trzepacz, et 
al, 1988, 
Delirium 
Rating Scale 
(DRS) 
Subjects 
n=l69 hip 
fracture 
patients 
n=l58 >64 
years 
n=20 
All patients 
met DSMIII 
criteria for 
delirium 
Summary 
58 items. Not 
described in 
enough detail 
for delirium 
diagnostic 
tool 
Doesn't 
address all 
DSM criteria 
for delirium 
Doesn't 
address all 
symptom 
domains of 
delirium 
Nurse scores 
scale at 
bedside 
10 items. 
Patient 
interviews, 
MJ.1SE, medical 
history, 
nursing 
observations, 
family 
reports, etc. 
Evaluation 
Covers 
most 
symptoms 
for 
delirium 
90% 
sensitive 
95% 
specific 
78 and 79% 
agreement 
with SPMSQ 
V and R 
determined 
by use in 
nursing 
patients 
Can quan-
tify 
severity 
of 
delirium 
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Table 4--Continued 
Levkoff, et -- Records .90 
al, 1991, individual sensitivi-
Delirium symptoms-7 ty; .80 
Symptom domains of specifici-
Interview DSM III ty 
(DSI) 
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studies concerning mental status (Appendix 3). This tool 
was developed as a simplified scored form of the cognitive 
mental status examination. It requires the patient to 
answer a few questions and perform a few simple tasks. The 
MMSE includes eleven questions, is scored on a scale of zero 
to 30, and requires only five to 10 minutes to administer 
making it practical to use routinely (Folstein, Folstein, 
and McHugh, 1975). It measures whether or not a patient is 
delirious, but not to what degree. Reliability and validity 
of the MMSE have been established based on many test 
findings in various settings. 
Heeren, Lagaay, von Beek, Rooymans, and Hijmans (1990) 
found that median scores and lowest quartile cut-off scores 
is not a major limitation in using the MMSE. Berg and 
Jeppson (1991) found in a 5 year follow-up study that non-
survivors originally had lower scores on the MMSE than 
survivors with differences greatest among individuals with 
nondementia diagnosis. The MMSE has also been used to 
assess cognitive functions in elderly males before and after 
having a transurethral prostatectomy (Haan, van Kleef, 
Bloem, Zwartendijk, Lnaser, Brand, vander Does, Krul, 
Elshove, & Moll, 1991). No change ~as noted between the 
before and after scores. 
Neelon, Champagne, and McConnell (1985, 1987) developed 
the NEECHAM Confusion Scale to assess for normal information 
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processing, early changes in disturbed information 
processing, and documentation of acute confusional behavior, 
such as delirium (Appendix D) . The NEECHAM tool involves 
both observation and measurement of vital sign (temperature, 
pulse, respirations, and blood pressure) stability, oxygen 
saturation stability, and urinary continence control. 
Oxygen saturation is measured using noninvasive pulse 
oximetry. Nine scaled assessment items are divided into 
three subscales: Responsiveness, Performance, and 
Physiological Control. The NEECHAM is scored on a scale of 
zero (minimal responsiveness) to 30 (normal function). 
The NEECHAM has a .78 correlation to the Folstein Mini 
Mental State Exam. It has been tested in over 1,000 
observations of elderly subjects in hospital and nursing 
home settings (Siemsen, Miller, Newman, & Lucas, 1992). 
Reliability and validity of the tool were established in 
elderly hospitalized and nursing home patients (Champagne, 
Neelon, McConnell, & Funkr 1987). An inter-rater 
reliability of .96 and a test-retest reliability of .98 in 
stable elderly patients has been noted. Internal 
consistency for the total score yielded a Cronbach's alpha 
of .86. (Neelon, 1990). A study done by Neelon, Funk, 
Carlson, and Champagne (1989) reported that the NEECHAM 
scores are significantly related to key clinical indicators 
of acute confusion development. 
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Nurses can easily incorporate the NEECHAM into their 
routine assessments of their patients and use the tool at 
the patient's bedside. Because the scale uses data already 
collected, minimal demand is placed on the patient. 
Therefore, it may be used frequently throughout the day to 
monitor changes in the patient's status. 
Neelon et al. (1989) evaluated 158 medical patients 
(age > 64 years) for cognitive impairment at the time of 
admission and for development of acute confusion during 
hospitalization using the NEECH.AM scale, the Folsteins' 
:MMSE, the DSM-III criteria for delirium, and a clinical 
report of a mental status problem. On admission, 96 of the 
patients showed no confusion (NEECHAM scale score of> 24), 
39 exhibited early changes (scores between 20-24), and 23 
exhibited moderate to severe confusion (scores < 20). Only 
2% of the greater than 24 group had two or more positive 
clinical indicators while 38% the of early onset group 
(scores of 20-24) had two or more indicators, and 87% of the 
severe confusion group (score of <20) had two or more 
positive clinical indicators. A NEECH.AM score of 24 or 
below predicted confusion with a sensitivity of .95 and a 
specificity of .78. The frequency of a clinical report of a 
mental status problem best correlated with NEECHAM score 
groups while the M:MSE was the least correlated. 
Thus, studies have been conducted on postoperative 
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delirium in elderly orthopedic patients. However, no 
studies looked at whether patient age contributes to the 
incidence of delirium following hip surgery. Also, although 
postoperative delirium tends to be diurnal no one has looked 
at whether the onset of delirium can be associated more with 
a certain time of day over a five day postoperative period. 
This study will specifically look at patients in three 
age groups, patients 60 to 69 years old, 70 to 79 years, and 
patients 80 years and older. They will be assessed on 
admission and twice a day, once in early morning and once in 
early evening, to see if age and/or time of day are related 
to the incidence of delirium following hip surgery. 
Hypotheses 
CHAPTER III 
METHOD 
The following null hypotheses were tested: 
1. There will be no difference in the delirium scores 
across age (Group 1 60-69 years of age, Group 2 70-79 years, 
Group 3 80 years and older) . 
2. There will be no difference in the delirium scores 
across time of day (morning and evening) . 
3. There will be no interaction effects among age group, 
time of day, and delirium scores. 
Subjects 
Subjects were chosen from an orthopaedic surgery 
schedule and from emergency orthopaedic admissions at the 
study institution. Patients were excluded who were 
unconscious, unable to hear, see, and/or verbally 
communicate in English. Patients were also excluded who had 
a known history of dementia, Alzheimer's dementia, addiction 
to alcohol and/or sedative-hypnotics, functional psychosis, 
or any other psychiatric diagnosis. Data were collected 
preoperatively and postoperatively on three prospective, 
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convenience samples of 70 elderly hip surgery patients sixty 
years of age and older from January 1, 1994 to February 28, 
1995. Patients were placed into one of three groups, Group 
1 age 60 to 69 years, Group 2 age 70 to 79 years, or Group 3 
age 80 years and older (Table 5) . Mean age of all patients 
was 72.9 years (S.D. = 8.13). Twenty-five patients were in 
Group 1, 25 were in Group 2, and 20 were in Group 3 (Table 
6) . The patients were primarily Caucasian, married, 
retired, lived with either their family or significant 
other, and had a high school education (Table 6). Patients 
were almost equally divided between males and females (Table 
6) • 
Patients in this study had hip surgery for both acute 
and chronic hip problems (Table 7). Chronic hip problems, 
such as osteoarthritis and failed hip prosthesis, were the 
most common diagnoses. In comparison, acute problems such 
as intertrochanteric fracture, femoral neck fracture, and 
fractures at the site of a hip prosthesis occurred less 
often. In order to better comprehend the results of this 
study, other preoperative, perioperative, and postoperative 
factors will be addressed. 
Perioperative Period 
The most common surgical procedure for all age groups 
was left total hip replacement (LTHR) 41.40% (n=29) followed 
Age Frequency 
60 1 
61 7 
63 3 
64 3 
65 1 
66 3 
67 4 
68 3 
70 4 
71 3 
72 4 
73 2 
74 1 
75 1 
Table 5 
Subject Age 
Percent Age 
1.40 76 
10.00 77 
4.30 78 
4.30 79 
1. 40 80 
4.30 81 
5.70 82 
4.30 83 
5.70 84 
4.30 85 
5.70 86 
2.90 91 
1. 40 94 
1. 40 
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Frequency Percent 
3 4.30 
1 1.40 
2 2.90 
4 5.70 
10 14.30 
2 2.90 
1 1.40 
1 1. 40 
2 2.90 
1 1.40 
1 1. 40 
1 1. 40 
1 1.40 
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Table 6 
Demographic Data 
Descriptive N Percent 
AGE 
Group 1 60-69 years 25 35.70 
Group 2 70-79 years 25 35.70 
Group 3 80 & older 20 28.60 
SEX 
Female 37 52.90 
Male 33 47.10 
RACE 
Caucasian 61 87.10 
Afro-American 7 10.00 
Hispanic 2 2.90 
MARITAL STATUS 
Married 42 60.00 
Single 7 10.00 
Widowed 16 22.90 
Divorced 2 2.90 
LIVING ARRANGEMENTS 
Alone 21 30.00 
With Significant Other 23 32.99 
With Family 23 32.90 
EMPLOYMENT 
Employed 17 24.30 
Unemployed 3 4.30 
Retired 47 67.10 
YEARS OF EDUCATION 
5 1 1.40 
8 5 7.10 
12 30 42.90 
13 1 1. 40 
14 4 5.70 
16 17 24.30 
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Table 7 
Frequency of Primary Diagnosis by Age 
Primary Age Group Age Group Age Group Total 
Diagnosis 1 2 3 
Osteoarthritis 
n 16 12 13 41 
Row Percent 39.00 29.30 31.70 
Column Percent 64.00 48.00 65.00 
Total Percent 22.90 17.10 18.60 58.60 
Rheumatoid 1 1 0 2 
Arthritis 50.00 50.00 
4.00 4.00 
1.40 1.40 2.90 
Avascular 2 1 1 4 
Necrosis 50.00 25.00 25.00 
8.00 4.00 5.00 
2.90 1.40 1. 40 5.70 
Intertrochan- 0 2 0 2 
teric Fracture 100.00 
8.00 
2.90 2.90 
Femoral Neck 1 1 4 6 
Fracture 16.70 16.70 66.70 
4.00 4.00 20.00 
1. 40 1.40 5.70 8.60 
Failed 4 5 2 11 
Prosthesis 36.40 45.50 18.20 
16.00 20.00 10.00 
5.70 7.10 2.90 15.70 
Other 1 1 0 2 
50.00 50.00 
4.00 4.00 
1. 40 1.40 2.90 
Fractured 0 2 0 2 
Prosthesis 100.00 
8.00 
2.90 2.90 
Total 25 25 20 70 
35.70 35.70 28.60 100.0 
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by right total hip replacement (RTHR) 27.10% (n=19) (Table 
8). These are both considered elective surgical procedures. 
General with epidural anesthesia was the most 
frequently used anesthesia followed by general (Table 9) . 
Mean time under anesthesia was 197 minutes (S.D.=59) (Table 
10) . Patients' surgical experiences in regards to 
anesthesia were uneventful. Overall, the perioperative 
period for this population was uneventful with respect to 
complications. 
Postoperative Period 
Mean time patients spent in the recovery room was 156 
minutes (S.D.=69.20). Only two patients required admission 
to the intensive care unit for a mean time of 43 hours 
(S.D.=407.29). Overall, the imIDediate postoperative period 
for this population was uneventful with respect to 
complications. 
Mean blood loss in surgery was 770 cubic centimeters 
(S.D.=731) (Table 11). All lab data were obtained from the 
patients' charts. All normal lab value ranges were those 
consistent with the lab at the testing institution. Mean 
hemoglobin was highest prior to surgery (10.69; S.D.=1.54) 
and lowest on Day 2 (9.51; S.D.=l.20) (Table 12). Mean 
hematocrit was highest preoperatively (31.58; S.D.=4.6) and 
lowest on Day 2 (27.46; S.D.=4.12) (Table 13). No patient 
exhibited a severe loss of blood during surgery. 
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Table 8 
Surgical Procedure by Age 
Surgical Age Group Age Group Age Group Total 
Procedure 1 2 3 
RTHR 
n 9 4 6 19 
Row Percent 47.40 21.10 31. 60 
Column Percent 36.00 16.00 30.00 
Total Percent 12.90 5.70 8.60 27.10 
LTHR 9 12 8 29 
31. 00 41.40 27.60 
36.00 48.00 40.00 
12.90 17.10 11. 40 41. 40 
RTHR Revision 4 4 1 9 
44.40 44.40 1.11 
16.00 16.00 5.00 
5.70 5.70 1. 40 12.90 
LTHR Revision 1 1 1 3 
33.30 33.30 33.30 
4.00 4.00 5.00 
1.40 1. 40 1.40 4.30 
Left 0 0 2 2 
Hemiarthroplasty 100.00 
10.00 
2.90 2.90 
Right 1 0 0 1 
Hemiarthroplasty 100.00 
4.00 
1.40 1.40 
Open Reduction 1 4 2 7 
Internal 14.30 57 .10 28.60 
Fixation of 4.00 16.00 10.00 
Fracture 1.40 5.70 2.90 10.00 
Total 25 25 20 70 
35.70 35. 70 28.60 100.0 
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Table 9 
Anesthesia by Age 
Anesthesia Age Group Age Group Age Group Total 
1 2 3 
General 
n 4 10 6 20 
Row Percent 20.00 50.00 30.00 28.60 
Column Percent 16.00 40.00 30.00 
Total Percent 5.70 14.30 8.60 
Spinal 1 2 2 5 
20.00 40.00 40.00 7.10 
4.00 8.00 8.00 
1. 40 2.90 2.90 
Epidural 1 0 0 1 
100.00 1. 40 
4.00 
1. 40 
General and 19 13 12 44 
Epidural 43.20 29.50 27.30 62. 90 
76.00 52.00 60.00 
27.10 18.60 17.10 
Total 25 25 20 70 
35.70 35.70 28.60 100.0 
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Table 10 
Time Under Anesthesia, in Recovery Room, 
and in Intensive Care 
Age Group 1 Age Group 2 Age Group 3 Total 
Minutes n=25 25 20 70 
Under mean=203 200 187 197 
Anesthesia S.D.=64.50 59.81 55.41 59 
Minutes in n=25 25 20 70 
Recovery mean=l65.6 163.92 133.15 155.72 
Room S.D.=65.89 80.70 54.12 69.20 
Minutes in n=O 1 1 2 
Intensive mean=O 2880 2304 2592 
Care S.D.=O 407.29 
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Table 11 
Blood Loss and Fluid Replacement 
Age Group 1 Age Group 2 Age Group 3 Total 
Estimated n=25 25 20 70 
Blood Loss mean=903 603 810 769.20 
in OR (cc) S.D.=681.15 354.45 1065.31 731.10 
Fluid n=25 25 20 70 
Replacement mean=3794 3036 3215 3357 
in OR (cc) S.D.=2754.0 1521.75 3241. 43 2539.80 
Units of 
Blood 
Transfused 
Preop. n=21 24 20 65 
mean=l.33 • 54 1.10 
S.D.=2.41 1.10 3.12 
POD 1 n=21 24 20 65 
mean=.14 .33 .50 
S.D.=.35 . 63 .88 
POD 2 n=21 24 20 65 
mean=.09 .16 .20 
S.D.=.30 .38 .52 
POD 3 n=21 24 20 65 
mean=.28 .16 .30 
S.D.=.14 .38 .65 
POD 4 n=21 24 20 65 
mean=.00 .00 .20 
S.D.=.00 .00 .52 
POD 5 n=21 24 20 65 
mean=.00 .00 .15 
S.D.=.00 .00 . 67 
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Table 12 
Hemoglobin 
Hemoglobin Age Group Age Group Age Group Total 
11.7-15.7 gm/dl 1 2 3 
Preop. n=23 25 20 68 
mean=ll .17 10.18 10.69 10.69 
S .D.=1. 54 1. 42 1.57 1. 54 
POD 1 n=24 24 20 68 
mean=9. 75 9. 26 10.05 9.66 
S.D.=1.31 1.17 1. 38 1. 30 
POD 2 n=24 24 19 67 
mean=9 .52 9.64 9.36 9.51 
S.D.=1.38 1. 07 1.15 1.20 
POD 3 n=24 24 15 63 
mean=9. 61 9.44 9.60 9.54 
S.D.=1.09 .84 1.19 1. 02 
POD 4 n=20 21 15 56 
mean=l0.06 9.66 9.49 9.7 
S.D.=.94 .83 1.22 .9989 
POD 5 n=18 9 11 38 
mean=l0.33 9.5 10.14 10.08 
S.D.=1.17 1.17 .82 1.109 
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Table 13 
Hematocrit 
Hematocrit Age Group Age Group Age Group Total 
34.9%-46.9% 1 2 3 
Preop. n=23 25 20 68 
mean=32.68 30.82 31.28 31.58 
S.D.=4.67 4 .52 4.61 4.60 
POD 1 n=24 24 20 68 
mean=28.43 27.02 29.35 28.20 
S.D.=3.56 3.33 3.78 3.62 
POD 2 n=24 24 19 67 
mean=27.63 28.06 26.50 27.46 
S.D.=3.75 3.09 5.53 4.12 
POD 3 n=24 24 15 56 
mean=27.78 27.41 28.14 27.73 
S.D.=3.20 2.43 3.69 3.02 
POD 4 n=20 21 15 56 
mean=29.44 28.14 27.87 28.53 
S.D.=2.71 2.25 3.77 2.91 
POD 5 n=18 9 11 38 
mean=30.36 27.81 29.85 29.47 
S.D.=3.27 3.16 2.32 3.07 
69 
Postoperative indicators for anemia 1 hemoglobin and 
hematocrit, showed blood values at or near normal values. 
No patients exhibited signs of hypovolemia postoperatively. 
Mean electrolyte 1 blood urea nitrogen (BUN), creatinine, 
SGOT, SGPT, serum protein, and albumin were all within the 
normal range (Table 14 and Table 15). 
Various methods were utilized to manage postoperative 
pain. Twenty-two patients used Patient Controlled Analgesia 
(PCA) (Table 16) . PCA allows the patient to self-medicate 
via an intravenous infusion pump which has preset dosages 
ordered by the physician. Nineteen of these 22 patients 
used morphine 1 1 used Demerol, and one used fentanyl which 
was changed to morphine. 
Of the 46 patients who had their pain managed via 
epidural analgesia, 41 used fentanyl and Bupivacaine, 2 used 
fentanyl, 1 used morphine, and bupivacaine (Table 17). 
Fifty-nine patients used oral narcotics and 13 patients used 
injectable narcotics (Table 18). Thirty-four patients used 
non-narcotic analgesics (Table 18). 
Pain was measured on an 11 point universal Likert Scale 
with O being no pain and 10 measuring the worst pain (Table 
19) . Overall, patient pain was well managed as evidenced by 
mean pain values noted in Table 19. 
Quality of the patients 1 night-time sleep was assessed 
via a three point Likert Scale as either poor (1), fair (2), 
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Table 14 
Electrolytes 
Electrolyte Age Group 1 Age Group 2 Age Group 3 Total 
Sodium (Na) n=25 24 19 68 
135-148 mean=l38 140 139 139 
mEq/L S.D.=5.09 3.32 3.37 4.18 
Potassium n=24 24 19 68 
(K) 3.5-5.5 mean=4 .11 4.20 4.17 4.12 
mEq/L S.D.=.58 .43 .50 .50 
Chloride n=23 22 19 64 
(CL) 100-106 mean=l04 104 102 101.40 
mEq/L S.D.=6.00 5.00 8.3 6.40 
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Table 15 
Physiological Variables 
Age Group l Age Group 2 Age Group 3 Total 
Renal 
Function 
BUN n=23 23 19 65 
7-21 mg/dl mean=48.86 19.23 26.30 31.78 
S.D.=62.68 13.62 20.18 41. 22 
Creatinine n=23 24 18 65 
. 7-1. 5 mg/dl mean=.93 1.00 5.30 2.17 
S.D.=.28 . 2 6 17.89 9.42 
Liver 
Function 
SGOT n=18 19 16 53 
1-50 IU/L mean=36.55 54.15 40.50 44.05 
S.D.=24.05 77.95 23.37 50.10 
SGPT n=l7 19 15 51 
1-55 IU/L mean=32.82 37.89 30.06 33.90 
S.D.=27.50 32.72 25 28.52 
Nutritional 
Status 
--
72 
Table 16 
Pain Management - PCA 
PCA Age Group Age Group Age Group Total 
1 2 3 
No PCA 
n 18 16 13 47 
Row Percent 38.30 34 27.70 68.10 
Column Percent 72.00 66.70 65.00 
Total Percent 26.10 23. 20 18.80 
Morphine sulfate 6 6 7 19 
31.60 31.60 36.80 27.50 
24.00 25.00 35.00 
8.70 8.70 10.10 
Demerol 0 1 0 1 
100 1. 40 
5.20 
1.40 
Fentanyl changed 0 1 0 1 
to morphine 100 1. 40 
4.20 
1.40 
Morphine changed 1 0 0 1 
to Demerol 100 1. 40 
4.20 
1. 40 
Total 25 24 20 69 
36.20 34.80 29.00 100.0 
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Table 17 
Pain Management - Epidural 
Epidural Age Group Age Group Age Group Total 
1 2 3 
No Epidural 
n 6 8 8 22 
Row Percent 27.30 36.40 36.40 32.40 
Column Percent 24.00 34.80 40.00 
Total Percent 8.80 11. 80 11. 80 
Fentanyl and 15 14 12 41 
Bupivacaine 36.60 34.10 29.30 60.30 
60.00 60.90 69.00 
22.10 20.60 17.60 
Fentanyl 1 1 0 2 
50.00 50.00 4.30 
4.00 4.30 
1. 50 1. 50 
Morphine sulfate 1 0 0 1 
100.00 1. 50 
4.00 
1. 50 
Epidural switched 1 0 0 1 
to PCA 100.00 1. 50 
4.00 
1. 50 
Morphine and 1 0 0 1 
Bupivacaine 100.00 1.50 
4.00 
1. 50 
Total 25 23 20 68 
36. 80 33.80 29.40 100.0 
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Table 18 
Oral and Injectable Narcotics, and Non-narcotics 
Narcotic Age Group Age Group Age Group Total 
1 2 3 
Oral 
None 5 0 5 10 
Hydrocodone with 19 23 13 53 
Acetaminophen 
Darvocett l 1 2 4 
Total 25 24 20 69 
Injectable 
None 19 21 16 56 
Morphine 5 3 2 10 
Demerol 1 0 2 3 
Total 25 24 20 69 
Non-narcotic 
None 13 8 14 35 
Acetaminophen 12 16 5 33 
ASA 0 0 1 1 
Total 25 24 20 69 
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Table 19 
Pain Scale (0-10) 
Pain 0-10 Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=22 21 18 61 
mean=l.13 1.76 2.5 1. 75 
S.D.=2.29 2.87 3.14 2.77 
POD 1 AM n=24 23 19 66 
mean=2.79 3.78 3.63 3.37 
S.D.=2.97 2.93 3.45 3.09 
POD 1 PM n=22 20 13 55 
mean=l.95 2.40 3.00 2.36 
S.D.=2.27 2.41 3.00 2.49 
POD 2 AM n=24 24 17 65 
mean=l.66 3.00 3.55 2.64 
S.D.=1.83 2.82 3.24 2.70 
POD 2 PM n=23 23 14 60 
mean=l.91 1.91 3.21 2.21 
S.D.=2.31 2.33 3.01 2.51 
POD 3 AM n=24 22 18 64 
mean=l.25 1.63 1. 94 1. 577 
S.D.=1.56 1.86 2.41 1. 92 
POD 3 PM n=20 22 17 59 
mean=l.30 1.13 2.23 1. 50 
S.D.=1.52 2.07 2.53 2.07 
POD 4 AM n=22 22 16 60 
mean=l.95 1. 86 1. 75 1. 86 
S.D.=2.33 2.23 2.64 2.34 
POD 4 PM n=19 22 16 57 
mean=l.68 1.77 2.93 2.07 
S.D.=1.82 2.59 3.47 2.67 
POD 5 AM n=18 22 15 55 
mean=2.02 1. 63 1. 93 1. 90 
S.D.=2.73 2.32 2.7 2.54 
POD 5 PM n=16 16 13 45 
mean=l.37 2.43 2.38 2.04 
S.D.=1.82 2.75 2.95 2.52 
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or good (3). More than half of the patients obtained a fair 
to good night's sleep throughout the five day study. 
Procedures 
Demographic data were collected via patient assessment 
and chart review by the principal investigator. Data were 
collected pertaining to the perioperative and postoperative 
period regarding predisposing, contributory, or facilitating 
factors for postoperative delirium (Appendix B). 
Postoperative assessments began the morning following 
surgery. Assessments were conducted by the principal 
investigator twice a day, once in the morning and once in 
the early evening, for five days following surgery. Early 
patient discharge from the hospital or patient refusal to 
continue participation in the study shortened the frequency 
of assessments. The MMSE and the NEECHAM were used to 
assess patients in the morning between 6 AM and 8 AM and in 
the late afternoon/early evening between 4 PM and 7 PM. 
NEECHAM Tool 
The NEECHAM tool (Appendix C) was used to assess 
patients for delirium. NEECHAM scores may be grouped into 
four categories based on scoring guidelines for the NEECHAM 
(Neelon, Champagne, and McConnell, 1985, 1987). Category 1 
includes scores 0-19 and describes patients with acute 
confusion, moderate to severe confusion and/or delirium to 
non-responsiveness. Category 2 includes scores 20-24, and 
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describes patients with mild disturbance in information 
processing who usually show early signs of fatigue and quiet 
confusion. Category 3 includes scores 25-26 and describes 
patients not confused, but who have a high risk for 
confusion. Category 4 includes scores 27-30 and describes 
patients who are not confused and who present with normal 
function. For this study, raw NEECHAM scores were used. 
The NEECHAM tool was administered to patients once 
prior to surgery to obtain a baseline assessment and to 
screen out patients with pre-existing confusion. The tool 
was administered again each morning and evening for 5 days 
following hip surgery. 
Folstein's MMSE 
Folstein's MMSE (Appendix D) was used to evaluate the 
mental status of patients and was administered along with 
the NEECHAM. Scores of 0-20 describe patients who are 
considered cognitively impaired (Folstein, et al, 1975) . 
Consent and Safeguards 
The study was approved by the Human Investigations 
Committees of both Loyola University and Rush University. 
Verbal consent was obtained and subjects were removed from 
the study if they declined to continue to participate. 
Design and Data Analysis 
SPSS Windows 6.0 was used to analyze the data. 
Variables available for analysis included demographics, 
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predisposing, precipitating, and facilitating factors for 
delirium, as well as other noninvasive assessment findings 
related to postoperative delirium (Appendix B). Descriptive 
statistics including frequencies of variables were obtained 
to assist in searching for missing variables or variables 
recorded erroneously. Cross tabulation tables were computed 
to search for data patterns and to swnroarize results. 
Although the literature has noted that the NEECHAM and 
MMSE have been shown to be highly correlated, a Pearson 
Moment Correlation was performed on both tools. Morning 
NEECHAM and MMSE scores for all five days on all patients 
were correlated (Table 20) as were evening scores. A 
Pearson Moment Correlation was also performed on sections of 
the NEECHAM and the MMSE related to attention and memory 
(Table 20) . Measures of attention include Processing Verbal 
(PV) in the NEECHAM and Recall (REC) in the MMSE, while 
measures of memory include Processing Neurosensory (PNS) in 
the NEECHAM and Attention/Calculation (A/C) in the MMSE. 
A Pearson Moment Correlation is a measure of linear 
association between two variables and was used to determine 
if findings from both assessments were correlated in the 
sample. Morning and evening NEECHAM values and MMSE values 
showed high positive correlations. Findings were similar 
with measures of attention and memory. 
79 
Table 20 
Pearson's R Correlation Coefficients 
Assessment Correlation n p value 
Coefficient 
AM NEE CHAM vs AM MMSE .6515 70 .000 
PM NEE CHAM VS PM MMSE .8301 69 .000 
AM PROCESSING VERBAL vs .5059 70 .000 
AM RECALL 
PM PROCESSING VERBAL vs .5009 69 .000 
PM RECALL 
AM PROCESSING NEUROSENSORY vs .4893 70 .000 
AM ATTENTION/CALCULATION 
PM PROCESSING NEUROSENSORY vs .3525 69 .003 
PM ATTENTION/CALCULATION 
A test of repeated measures MANOVA was chosen to 
examine the data. The Within factor was determined to be 
time, the Between factor was determined to be age, and the 
interaction effect was age by time of day. Independent 
variables were age and time of day and dependent variables 
were scores of the NEECHAM and MMSE as well as their 
subscores PV, PNS, REC, and A/C respectively. 
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Thus, data were collected related to the purposes of 
this study which were to: 1) determine if age is significant 
in the development of delirium in the elderly postoperative 
hip surgery patient, 2) determine if time of day is 
significant in the development of delirium in the elderly 
postoperative hip surgery patient. 
CHAPTER IV 
RESULTS 
The null hypotheses that were tested in this study 
were: 
1. There will be no difference in the delirium scores across 
age (Group 1 60-69 years of age, Group 2 70-79 years of age, 
Group 3 80 years and older). 
2. There will be no difference in the delirium scores across 
time of day (morning and evening) . 
3. There will be no interaction effects among age, time of 
day, and delirium scores. 
ANOVA and MANOVA 
An alpha level of .05 was used for all statistical 
tests. ANOVA and MANOVA procedures were performed to test 
the null hypotheses. When using the NEECHAM, the main 
effect of age was statistically significant, E = 7.44, 
Q = .001 (Table 21). Similarly, when using the MMSE, the 
main effect of age was statistically significant, E = 6.04, 
Q = .004 (Table 22). When using the NEECHAM, the main 
effect of time was not statistically significant, E = .43, 
Q = .513 (Table 23). Similarly, when using the MMSE, the 
main effect of time was not statistically significant, 
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Source of Variation 
Main effects 
Groups 
Explained 
Residual 
Total 
Source of Variation 
Main effects 
Groups 
Explained 
Residual 
Total 
Table 21 
NEECHAM by Age ANOVA 
SS DF MS 
48.721 2 24.361 
48.721 2 24.361 
48.721 2 24.361 
219.250 67 3.272 
267.971 69 3.272 
Table 22 
MMSE by Age ANOVA 
SS DF MS 
126.422 2 63.211 
126.422 2 63.211 
126.422 2 63.211 
689.933 66 10.454 
816.355 68 12.005 
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F Sig of F 
7.444 .001 
7.444 .001 
7.444 .001 
F Sig of F 
6.049 .004 
6.049 .004 
6.049 .004 
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Table 23 
NEECHAM Age by Time MANOVA 
Source of Variation SS DF MS F Sig of F 
Within Cells 74.36 67 1.11 
Time .48 1 .48 .43 .513 
Age by Time 2.16 2 1. 08 .97 .384 
Table 24 
MMSE Age by Time MA.NOVA 
Source of Variation SS DF MS F Sig of F 
Within Cells 39.89 66 • 60 
Time .00 1 .00 .00 .953 
Age by Time . 23 2 .12 .19 .826 
L = .00, Q = .953 (Table 24). There was no statistically 
significant interaction between age and time of day on the 
following variables: NEECHAM, £ = .97, Q = .384 (Table 23) 
and M:M:SE, L = .19, Q = .826 (Table 24). Thus, we reject 
null hypothesis 1, fail to reject null hypothesis 2, and 
fail to reject null hypothesis 3. 
NEE CHAM 
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Of the 671 (79%) (n=770) NEECHAM assessments completed, 
patients scored normal 432 (64.38%) times, showed high risk 
for confusion 158 (23.54%) times, showed mild confusion 67 
(9.98%) times and showed acute confusion only 13 (1.93%) 
times. The two highest frequencies occurred on Day 1 in the 
morning with 36 (n=68) scores of high risk for confusion and 
Day 4 in the morning with 52 (n=63) scores of normal 
functioning (Table 25) • 
Ninety-nine (15.4%) missing assessments could best be 
identified as follows: 38 (38.38%) were missed data; in 34 
(34.34%) cases, patients had been discharged; in 20 (20.20%) 
cases patients refused to respond; 3 (3.03%) patients were 
too ill to respond and 4 (4.04%) patients were sleeping. 
Table 26 shows age group by day for NEECHAM category 
frequencies. A greater percentage of the patients scored 
either in Category 3 or 4 throughout the five day 
postoperative period regardless of age. All age groups 
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Table 25 
Frequency of NEECHAM Score Category 
Category 1 (0-19) 2 (20-24) 3 (25-26) 4(27-30) n 
acute mild hi risk normal 
Day 
Pre op 0 2 5 60 67 
POD 1 AM 1 15 36 16 68 
POD 1 PM 4 12 22 27 65 
POD 2 AM 1 12 28 27 68 
POD 2 PM 1 8 22 34 65 
POD 3 AM 1 8 15 40 65 
POD 3 PM 1 3 10 49 63 
POD 4 AM 2 1 7 52 63 
POD 4 PM 0 2 6 46 54 
POD 5 AM 1 2 5 46 54 
POD 5 PM 1 2 2 34 40 
Total 13 67 158 432 671 
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Table 26 
Age Group by Day for NEECHAM Category Frequencies 
Day Group 1 Group 2 Group 3 Total 
Preop 
1- 0 0 0 0 
2- 0 1 1 2/3.00 
3- 0 1 4 5/7.50 
4- 25 21 14 60/89.60 
7- 0 0 0 0 
Total/Percent- 25/37.30 23/34.30 19/28.40 67/100 
POD 1 AM 
1- 0 0 1 1/1.40 
2- 4 4 7 15/21. 40 
3- 11 17 8 36/51.40 
4- 10 4 2 16/22.90 
7- 0 0 2 2/2.90 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 1 PM 
1- 1 1 1 3/4.30 
2- 4 4 3 11/15.70 
3- 6 11 5 22/31.40 
4- 12 9 6 27/38.60 
7- 2 0 5 7/10.00 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 2 AM 
1- 0 0 1 1/1.40 
2- 3 4 5 12/17.10 
3- 10 9 9 28/40.00 
4- 12 12 3 27/38.60 
7- 0 0 2 2/2.90 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 2 PM 
1- 0 0 1 1/1.40 
2- 2 3 3 8/11.40 
3- 6 8 8 22/31.40 
4- 16 13 5 34/48.60 
7- 1 1 3 5/7.10 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
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Table -- 26 Continued 
POD 3 AM 
1- 0 0 1 1/1.40 
2- 2 1 5 8/11.40 
3- 3 9 3 15/21.40 
4- 19 13 8 40/57.10 
7- 1 2 3 6/8.60 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 3 PM 
1- 0 0 1 1/1.40 
2- 1 0 2 3/4.30 
3- 4 5 1 10/14.30 
4- 18 19 12 49/70.00 
7- 2 1 4 7/10.00 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 4 AM 
1- 0 0 2 2/2.9 
2- 0 0 1 1/1. 4 
3- 1 12 5 7/10 
4- 21 0 10 51/72.9 
7- 3 4 2 9/12.9 
Total/Percent 25/35.7 25/35.7 20/28.6 70/100 
POD 4 PM 
1- 0 0 0 0 
2- 0 0 2 2/2.90 
3- 1 2 3 6/8.60 
4- 18 17 11 46/65.70 
7- 6 6 4 14/22.90 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 5 AM 
1- 0 0 1 1/1.40 
2- 0 1 1 2/2.90 
3- 1 1 3 5/7.10 
4- 17 19 10 46/65.70 
7- 7 4 5 16/22.90 
Total/Percent 25/35.70 25/35.70 20/28.60 70/100 
POD 5 PM 
1- 0 0 1 1/1.40 
2- 0 0 2 2/2.90 
3- 0 l 1 2/2.90 
4- 15 11 8 34/49.30 
7- 10 12 8 30/43.50 
Total/Percent 25/36.20 24/34.80 20/29.00 69/100 
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showed at least one person with acute confusion on Day 1 in 
the evening. Day 4 in the evening was the only time no one 
exhibited acute confusion. 
Mean NEECHAM raw scores all decreased by age group 
(Table 27). Mean NEECHAM raw scores were lower in the 
evening than in the mornings on days 1 and 5 for Age Group 
1, days 1 and 4 for Age Group 2, and day 5 for Age Group 3 
(Table 28). All other days showed an increase in 
NEECHAM scores from morning to evening (Table 28). 
On Day 1 all three age groups showed mean scores in the 
morning and evening consistent with ratings for high risk 
for delirium (Table 27). Patients in Age Group 3 showed 
mean scores consistent with high risk for delirium on Day 2 
in the morning and evening, on Day 3 in the morning, Day 4 
in the morning, and Day 5 in the evening. 
MMSE 
MMSE mean raw scores decreased across age group (Table 
29) . MMSE scores were lower in the evening than in the 
morning on Day 1 and 2 for Age Group 1, Day 1 and 4 for Age 
Group 2, and Day 3 for Age Group 3 (Table 28). Other days 
showed an increase in MMSE scores from morning to evening. 
No patients scored between O and 20, suggesting that no 
patients were cognitively impaired. 
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Table 27 
NEECHAM by Age 
NEE CHAM Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=25 23 19 67 
mean=29.72 28.91 28.10 28.98 
S.D.=.54 1. 78 2.05 1. 65 
POD 1 AM n=25 25 18 68 
mean=25.68 25.6 24.16 25.25 
S.D.=1.51 1.1 1. 70 1. 97 
POD 1 PM n=23 25 15 63 
mean=25.56 25. 40 25 25.36 
S.D.=2.51 3.01 2.95 2.79 
POD 2 AM n=25 25 18 68 
mean=26.36 26. 04 24.22 25.67 
S.D.=1.41 1. 74 3.28 2.30 
POD 2 PM n=24 24 17 65 
mean=27.12 26.5 25.41 26.44 
S.D.=1.98 1. 81 2.47 2.14 
POD 3 AM n=24 23 17 64 
mean=27.91 27.30 25.11 26.95 
S.D.=2.33 2.00 3.73 2.87 
POD 3 PM n=23 24 16 63 
mean=28.04 27. 79 26.18 27.47 
S.D.=1. 77 1.12 4.47 2.74 
POD 4 AM n=22 21 18 61 
mean=28.5 28.80 25.61 27.75 
S.D.=1.1852 1.12 3 3 3.9873 2.7182 
POD 4 PM n=19 19 16 54 
mean=28.94 28.15 27.25 28.16 
S.D.=1.1773 1. 38 5 0 2. 62 04 1. 8 8 90 
POD 5 AM n=18 21 15 54 
mean=29 28.66 27.06 28.33 
S.D.=1.32 1. 55 2.98 2.11 
POD 5 PM n=l5 12 12 39 
mean=28.86 28.91 25.58 27.87 
S.D.=1.06 1.24 6.44 3.90 
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Table 28 
Differences between AM and PM Scores 
Day Age Group NEECHAM MMS PV REC PNS A/C 
POD 1 1 .12 .36 0 .26 .04 .24 
2 .20 .17 .08 .48 .12 .34 
3 - .83 -1. 08 .11 .22 .35 .32 
POD 2 1 - .76 .17 0 .03 .04 .00 
2 - .46 -.16 .01 .37 -.04 -.33 
3 -1.18 -1.19 -.20 -.39 -.33 .00 
POD 3 1 - .12 -1.08 -.12 .35 .00 -.23 
2 - .48 -.03 0 -.24 .10 .48 
3 -1.07 1.27 .03 .22 -.06 .42 
POD 4 1 - .44 -.10 0 .03 0 -.09 
2 .62 .29 0 .21 .04 -.07 
3 -1.63 -.54 -.15 -.10 .01 -.26 
POD 5 1 .13 -.10 0 -.09 0 -.26 
2 - .24 -.14 0 -.07 0 -.27 
3 1.48 -.09 -.05 .32 -.42 -.41 
91 
Table 29 
MMSE by Age 
MMSE Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=24 25 20 69 
mean=29.12 27.8 26.55 27.89 
S.D.=1.22 2. 73 4.31 3.06 
POD 1 AM n=25 24 19 68 
mean=28.76 26.62 24.57 26. 83 
S.D.=1. 71 3. 46 5.61 4.05 
POD 1 PM n=23 25 16 64 
mean=28.39 26 25.31 26.68 
S.D.=1.97 4.73 4.46 4.04 
POD 2 AM n=25 24 18 67 
mean=29 26. 95 24.55 27.07 
S.D.=1.25 3.32 5.80 4.03 
POD 2 PM n=23 24 16 63 
mean=28.82 27.12 25. 75 27.39 
S.D.=1.07 2.36 4.20 2.87 
POD 3 AM n=24 23 20 67 
mean=28.04 27.26 25.9 27.13 
S.D.=4.02 2.84 4.61 3.90 
POD 3 PM n=23 24 16 63 
mean=29.13 27.29 24.62 27.28 
S.D.=.86 2.77 6.85 4.24 
POD 4 AM n=23 23 18 64 
mean=29.08 27. 91 25 .22 27.57 
S.D.=1.27 2.7 6.98 4.34 
POD 4 PM n=21 21 17 59 
mean=29.19 27. 61 25.76 27.64 
S.D.=1.43 2.80 5.68 3.77 
POD 5 AM n=18 23 17 58 
mean=29.33 27.47 27.23 27.98 
S.D.=1.08 2.90 3.56 2.83 
POD 5 PM n=16 17 15 48 
mean=29.43 27.94 27.33 28.25 
S.D.=.89 2.70 2.02 2.17 
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Measures of Memory and Attention 
Since clinical observations appeared to indicate only a 
few instances of delirium, individual aspects of memory and 
attention were then scrutinized. According to the 
literature, alteration in memory and attention contribute 
significantly to delirium. The Processing Verbal (PV) 
section of the NEECHAM assesses orientation, short term 
memory, thought and speech content. The Recall (REC) section 
of the MMSE assesses memory. The Processing Neurosensory 
(PNS) section of the NEECHAM assesses attention, alertness, 
and recognition. The Attention/Calculation (A/C) section of 
the MMSE assesses attention. 
Scores for the PV component of the NEECHAM range from O 
to 5 (Table 30) . Except for Day 3, scores for PV decreased 
across age. On Day 3 Age Group 2 showed a perfect score for 
both morning and evening. Mean raw scores decreased from 
morning to evening in Age Group 2 on Days 1 and 2, and in 
Age Group 3 on Day 1 and 3. Scores increased in Age Group 1 
on Day 3 and in Age Group 3 on Days 2, 4, and 5 (Table 28). 
Other scores remained the same. For PV, the main effect of 
age was statistically significant, £ = 5.80, Q = .005; the 
main effect of time was not statistically significant, E = 
.12; Q = .735; and interaction of age and time of day was 
not statistically significant, I= .20, Q = .688. 
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Table 30 
Processing Verbal by Age 
PV Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=25 25 20 70 
mean=5.00 4.92 4.85 4.92 
S.D.=.00 .40 .36 .31 
POD 1 AM n=25 25 19 69 
mean=5.00 4.96 4.73 4.91 
S.D.=.00 .20 .56 .33 
POD 1 PM n=24 25 16 65 
mean=5.00 4.88 4.62 4.86 
S.D.=.00 . 60 .80 .55 
POD 2 AM n=25 25 18 68 
mean=5. 00 4.95 4.50 4.85 
S.D.=.00 .20 1.20 .65 
POD 2 PM n=25 24 17 65 
mean=5.00 4.95 4.70 4.90 
S.D.=.00 .20 .58 .34 
POD 3 AM n=24 24 20 68 
mean=4.83 5.00 4.65 4.83 
S.D.=.81 .00 .81 .66 
POD 3 PM n=23 24 16 63 
mean=4.95 5.00 4.62 4.88 
S.D.=.20 .00 . 8 8 .47 
POD 4 AM n=23 23 18 64 
mean=5.00 5.00 4.55 4.87 
S.D.=.00 .00 .98 .54 
POD 4 PM n=21 21 17 59 
mean=5.00 5.00 4.70 4.91 
S.D.=.00 .00 .77 .42 
POD 5 AM n=18 23 17 58 
mean=5.00 5.00 4.70 4.91 
S.D.=.00 .00 .58 .33 
POD 5 PM n=l7 18 16 51 
mean=5.00 5.00 4.75 4.92 
S.D.=.00 .00 .77 .44 
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MMSE Recall mean raw scores decreased throughout the 
day for all age groups (Table 31). Specifically, scores 
decreased from morning to evening in Age Group 1 on Days 1, 
2, 3, and 4; in Age Group 2 on Days 1, 2, and 4; and in Age 
Group 3 on Days 1, 3, and 5. Scores increased in Age Group 
1 on Day 5; in Age Group 2 on Days 3 and 5; and in Age Group 
3 on Days 2 and 4 (Table 29). For Recall, the main effect 
of age was statistically significant, £ = 12.11, Q = .000; 
the main effect of time was not statistically significant, 
E = 1.86, Q = .177; and the interaction of age and time of 
day was not statistically significant, £ = .41, Q = .665. 
NEECHAM PNS scores decreased throughout the day for all 
age groups (Table 32). Scores decreased from morning to 
evening in Age Group 1 on Days 1, 2, and 3 and stayed the 
same on Days 4 and 5. Scores decreased throughout the day 
in Age Group 2 on Days 1, 3, and 4, increased on Day 2 and 
stayed the same on Day 5. In Age Group 3, scores decreased 
on Days 1 and 4, and increased on Days 2, 3, and 5 (Table 
29) . For PNS, the main effect of age was statistically 
significant, E = 4.88, ~ = .011; the main effect of time was 
not statistically significant, X .83, ~ = .36; and the 
interaction of age and time of day was not statistically 
significant, X = .04, Q = .961. 
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Table 31 
Recall by Age 
REC Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=24 25 20 69 
mean=2.70 2.20 1. 80 2.26 
S.D.=.69 1. 08 1. 32 1. 09 
POD 1 AM n=25 24 19 68 
mean=2.44 2.20 1.57 2.11 
S.D.=.91 .97 1.16 1. 05 
POD 1 PM n=23 25 16 64 
mean=2.17 1. 72 1. 37 1. 79 
S.D.=.88 1.10 1.25 1.10 
POD 2 AM n=24 24 18 677 
mean=2.52 2.04 1.16 1. 98 
S.D.=.65 .95 1. 09 1. 03 
POD 2 PM n=24 24 16 64 
mean=2.48 1. 66 11. 56 1. 93 
S.D.=.77 1. 09 1. 09 1. 05 
POD 3 AM n=24 23 20 67 
mean=2.91 1. 73 1. 60 1. 89 
S.D.=.90 1. 05 1.18 1. 07 
POD 3 PM n=23 24 16 63 
mean=2.56 1. 98 1.37 2.03 
S.D.=.58 .85 .95 .91 
POD 4 AM n=2 23 18 64 
mean=2.65 2.21 1. 77 2.25 
S.D.=.71 .90 1.16 .97 
POD 4 PM n=21 21 17 59 
mean=2.61 2.00 1. 88 2.18 
S.D.=.58 1.18 1.26 1. 00 
POD 5 AM n=18 23 17 58 
mean=2.72 2.21 2.05 2.32 
S.D.=.57 .95 1.19 .96 
POD 5 PM n=l6 17 15 48 
mean=2.81 2.29 1. 73 2.29 
S.D.=.40 .84 .79 .82 
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Table 32 
Processing Neurosensory by Age 
PNS Age Group 1 Age Group 2 Age Group 3 Total 
Preop. n=25 25 20 70 
mean=4.00 3.88 3.90 3.92 
S.D.=.00 .33 .30 .25 
POD 1 AM n=25 25 20 70 
mean=3.84 4.00 3.85 3.90 
S.D.=.55 .00 .98 .61 
POD 1 PM n=24 25 16 65 
mean=3.79 3.88 3.50 3.75 
S.D.=.58 .60 .77 .63 
POD 2 AM n=25 25 18 68 
mean=3.96 3.96 3.61 3.86 
S.D.=.20 .20 .69 .41 
POD 2 PM n=24 24 17 65 
mean=3.91 4.00 3.94 3.95 
S.D.=.28 .00 .24 .21 
POD 3 AM n=24 24 20 68 
mean=3.87 4.00 3.75 3.88 
S.D.=.44 .00 .68 .44 
POD 3 PM n=23 24 16 63 
mean=3.86 3.95 3.81 3.88 
S.D.=.45 .20 .40 .36 
POD 4 AM n=23 23 18 64 
mean=4.00 4.00 3.77 3.93 
S.D.=.00 .00 .42 .24 
POD 4 PM n=21 22 17 60 
mean=4.00 3.95 3.76 3.91 
S.D.=.00 .21 .43 .27 
POD 5 AM n=l8 23 18 59 
mean=4.00 4.00 3.72 3.91 
S.D.=.00 .00 .57 .33 
POD 5 PM n=l6 17 117 50 
mean=4.00 4.00 3.76 3.92 
S.D.=.00 .00 .75 .44 
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(Table 33). In Age Group 1 scores were lower in the evening 
than in the morning on Days 1 and 2 and lower in the morning 
than the evening on Days 3, 4, and 5. In Age Group 2 scores 
were higher in the evening than in the morning on all days 
except on day 3 when they are higher in the morning. In Age 
Group 3 scores were lower in the evening than in the morning 
except on day 4 when they are higher in the evening than in 
the morning. For A/C, the main effect of age was 
statistically significant, F = 4.86, p = .011; the main 
effect of time was not statistically significant, F = 1.58, 
p = .214; and the interaction of age and time of day was not 
statistically significant, F = .38, p = .688. 
In 41 cases scores increased from morning to evening by 
tenths of a point. In 39 cases scores decreased from morning 
to evening by tenths of a point. In 10 cases the scores 
showed no change from morning to evening. Thus, morning and 
evening scores did not differ much. 
In summary, the main effect of age was statistically 
significant throughout the study, the main effect of time 
was not statistically significant, and there was no 
statistically significant interaction between age and time 
of day. 
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Table 33 
Attention/Calculation by Age 
A/C Age Group Age Group Age Group Total 
1 2 3 
Preop. n=24 25 20 69 
mean=4.50 4.08 3.80 4.14 
S.D.=.83 1. 41 1. 70 1. 35 
POD 1 AM n=25 24 19 68 
mean=4.68 3.50 3.47 3.92 
S.D.=.80 1. 71 1. 83 1. 57 
POD 1 PM n=23 25 16 64 
mean=4.43 3. 80 3.12 3.85 
S.D.=1.23 1. 58 1. 66 1.55 
POD 2 AM n=25 24 18 67 
mean=4.48 3. 83 3.44 3.97 
S.D.=.87 1. 40 1.82 1. 41 
POD 2 PM n=23 24 16 63 
mean=4.47 4.16 3.43 4.09 
S.D.=.66 .91 1.82 1.20 
POD 3 AM n=24 23 20 67 
mean=4.37 4.17 3.55 4.05 
S.D.=1.17 1.15 1. 66 1. 35 
POD 3 PM n=23 24 16 63 
mean=4.60 4.12 3.31 4.009 
S.D.=.65 1.36 1. 85 1. 38 
POD 4 AM n=23 23 18 64 
mean=4.47 4. 2 6 3.55 4.11 
S.D.=.79 1.13 1. 72 1.27 
POD 4 PM n=21 21 171 59 
mean=4.57 4.33 3.82 4.27 
S.D.=1.16 1.15 1. 74 1. 36 
POD 5 AM n=18 23 17 58 
mean=4.61 3.95 3.64 4.06 
S.D.=.69 1.06 1. 69 1.24 
POD 5 PM n=l6 17 15 48 
mean=4.87 4.23 .06 4.39 
S.D.=.50 1. 30 1. 48 1.19 
Introduction 
CHAPTER V 
DISCUSSION 
Delirium is an example of atypical cognition in the 
elderly to which attention and memory contribute. This 
study looked at the impact of age and time of day on 
delirium in elderly postoperative hip surgery patients. 
Purpose 
This study sought to: 1) determine if age is 
significant in the development of delirium in elderly 
postoperative hip surgery patients, 2) determine if time of 
day is significant in the development of delirium in elderly 
postoperative hip surgery patients, and 3) determine if 
there is any interaction between age and time of day in the 
development of delirium in elderly postoperative hip surgery 
patients. 
Description of the Sample 
The study sample consisted of 70 non-demented, non-
delirious patients 60 years of age and older who had hip 
surgery for either chronic or acute hip problems. Unlike 
many of the patient populations reported in the literature 
on postoperative delirium in the elderly, patients in this 
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study were fairly healthy with the exception of their 
musculoskeletal problem. Unlike other studies reported in 
the literature, this study screened out patients for 
delirium and dementia preoperatively. 
Surrunary 
Perioperative data were collected from patient chart 
review and included surgical procedures, anesthesia, blood 
loss, and fluid replacement. Postoperative delirium has 
been attributed to many such causal factors (Appendix B) . 
Tables 9 to 15 showed that this perioperative information 
suggested no predisposition to delirium. 
Unlike other studies reported in the literature, 
patients were assessed consistently twice a day for five 
days following surgery. This was done to increase the 
likelihood of observing delirium due to its tendency to 
fluctuate throughout the course of the day. Patients were 
assessed for five days because studies have shown that 
delirium is most likely to occur within the first five days 
following hip surgery, with incidence being the greatest on 
the second postoperative day. Also, few studies have been 
conducted to assess postoperative elderly patients for 
delirium with onset in the twilight or early evening hours. 
In this study, patients were assessed both in the morning 
and evening to determine if the time of day a patient is 
assessed has an impact on their mental status and/or 
delirium scores. 
Research Design 
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The research design of this study was a repeated 
measures design. MANOVA and ANOVA procedures were performed 
on the data sets. Multivariate analysis of variance is the 
extension of analysis of variance procedures to more than 
one dependent variable. This procedure is used primarily to 
test the significance of differences between the means of 
two or more dependent variables, considered simultaneously. 
In this study, the dependent variables were the NEECHAM and 
the MMSE tools and their components related to attention and 
memory. Age and time of day were the independent variables. 
Patients were assessed once preoperatively to establish a 
baseline value for both the NEECHAM and MMSE and to screen 
out delirious or demented patients. Patients were then 
assessed twice a day, once in the early morning between 6:00 
and 8:00 AM and once in the early evening between 4:00 and 
7:00 PM, by the principal investigator using the NEECHAM and 
MMSE over a one year period. These two narrow time frames 
limited how much time varied. It is important to note that 
having one data collector avoided the problem of interrater 
reliability when assessing the patients, but not 
experimenter bias. 
Discussion of Results Related to Testing the Null Hypotheses 
In this study, delirium was assessed via the NEECHAM 
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and MMSE. Raw mean scores from both tools were examined. 
In addition to examing complete NEECHAM and MMSE scores, 
components of both the NEECHAM and MMSE that assess memory 
and attention were also carefully scrutinized. A MANOVA 
procedure was run on the independent variables of age and 
time of day and the dependent measures. A summary of the 
findings related to testing the three null hypotheses 
follows. 
Null Hypothesis 1 
There will be no difference in the delirium scores 
across age (Group 1 = 60-69 years of age, Group 2 = 70-79 
years of age, and Group 3 = 80 years of age and older). 
This null hypothesis is rejected because data indicated that 
the main effect for age was statistically significant. This 
result is consistent with what was found in the literature. 
Null Hypothesis 2 
There will be no difference in the delirium scores 
across time of day (morning and evening) . This null 
hypothesis fails to be rejected because the effect of time 
was found to be not statistically significant. Confusion 
and mental scores might vary slightly from morning to 
evening or evening to morning, however there is no pattern. 
Null Hypothesis 3 
There will be no interaction effects among age, time of 
day and delirium scores (Table 23, Table 24). This null 
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hypothesis is not rejected because there was no 
statistically significant interaction between age and time 
of day. In essence, it does not matter when elderly 
patients are assessed, at least within the two time frames 
used in this study. 
Attention and Memory 
Many researchers in the field of cognitive aging have 
taken an information processing view. Attention and memory 
are aspects of cognition which are significant components of 
delirium. Bayles and Kasniak (1987) and Gridley, Mack, and 
Gillmore (1986) contend that attention appears to remain 
constant throughout the aging process. However, Cerella 
(1985a), Hale, Myerson, and Wagstaff (1987), and Salthouse 
(1985) suggest age-related effects in attention could be 
expressions of a general slowing of cognitive operations 
with age. Salthouse (1985, 1988a, 1988b, 1988c, 1988d) also 
claims that age-related differences in attention might be 
explained theoretically by the reduced energy for cognitive 
processing experienced with aging. As noted in the Review 
of the Literature, generalized slowing of processing with 
aging does not explain all research findings about attention 
in the elderly. Hartley (1992) notes that although the 
reduced inhibition theory sounds feasible, it does not 
explain findings which are not addressed by the slowing 
theory. In looking at the components of the NEECHAM and 
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MMSE that deal with attention, it was noted that there was a 
statistically significant main effect for age. Although 
this finding is consistent with most of the current 
literature, it does not explain why it occurs. 
Research has shown that, with age, there is a slowing 
in the ability to retrieve information from memory stores. 
The greatest degree of slowing has been observed in 
retrieval of information from long-term memory (Bayles & 
Kaszniak, 1987). Short-term memory was assessed, for the 
most part, in this study. In looking at the components of 
the NEECHAM and MMSE that deal with memory, it was noted 
that there was a statistically significant main effect for 
age. 
Prospective memory is the ability to remember a future 
action such as keeping an appointment or being told to 
remember a list of three words. Craik (1986) noted that 
prospective memory would be most vulnerable to aging because 
one must "remember to remember" at some point in the future, 
this was observed to be true in this study. Although 
prospective memory can decline with age, especially when 
environmental cues are not utilized, high functioning 
elderly persons are usually aware of this and use cues to 
remind themselves of future events. This was evident in the 
study when some patients would come up with a short story or 
sentence to help them remember the unrelated three words in 
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the Recall section of the MM:SE. 
Many patients remembered questions on the MMSE from day 
to day and often began reciting the answers when the data 
collector walked into the room. Some patients, at times, 
seemed to look forward to the assessment sessions while 
other viewed them as an inconvenience. All patients were 
given the opportunity to refuse to be assessed. 
Sundowning, or sundown syndrome is confusion in elderly 
patients which has its onset around twilight hours and has 
been noted to occur following orthopaedic surgery. Little 
research has been done on this phenomena. In this study 
time of day was controlled. The findings in this study 
suggest that time of day has no statistically significant 
impact on the incidence of delirium as evidenced by failure 
to reject the null hypothesis that there is no difference in 
delirium scores between morning and evening. 
Conclusions 
Based on the findings presented, conclusions can be 
drawn in both a specific and global manner. Specifically, 
in relation to the first purpose of this study, age is 
significant not necessarily in the development of delirium 
in elderly postoperative hip surgery patients, but it is 
significant in its effect on delirium and mental status 
assessment scores as well as tests of memory and attention 
in that the scores decrease across age. This effect could 
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suggest that as age increases, so does the risk for delirium 
and mental changes. Also, as age increases, alterations in 
attention and memory occur. This finding could impact 
nursing care. More intense nursing might be required for 
older patients due to changes in their ability to attend to 
and remember facts as well as their increased risk for 
delirium. 
With regard to the second purpose of this study, there 
was no interaction effect found between time of day of onset 
of delirium and a patient's age. Time of day alone had no 
significant impact on mental status, risk for delirium, 
attention, or memory in those patients 60 years of age or 
older. If someone is at risk for or becomes delirious, it 
is not necessarily related to the time of day. However, it 
could be that delirium occurs at times other than those 
examined here. This finding helps to dispel a common myth 
among health care practitioners related to sundown syndrome. 
It is recommended that future researchers might look at 
other factors, such as fatigue rather than time of day as 
having a significant impact on mental status and delirium 
scores. 
Limitations of the Study 
Both strengths and limitations might be found in this 
study in looking at the following four specific points, the: 
study site, patients, assessment tools, and data collector. 
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All patients had their hip surgery at the same medical 
center. The same group of orthopaedic surgeons and 
anesthesiologists cared for these patients. The patients 
were all cared for by the same orthopaedic nursing staff on 
the same surgical unit. This provided a tight control of 
variables both preoperatively, intraoperatively, and 
postoperatively. 
The majority of the patients had elective hip surgery 
and therefore might have been more ready, psychologically, 
for surgery. These patients were fairly healthy, with no 
significant chronic medical problems. The patients were 
also alert and remembered much of the assessments from day 
to day. 
The NEECHAM and the :MMSE were easy to use, reliable, 
valid, and correlated well. Because of the frequency of the 
patient assessments, some patients tended to remember 
components of the :MMSE and began to answer questions before 
they were asked. This may or may not be viewed as a 
limitation of the study. Although some patients did "learn" 
the assessments, this might be viewed as a significant 
indication that they were not delirious. Some patients 
learned how to remember three words from the MMSE. The 
question arises as to whether the patients were really 
responding to the questions or relying on their memory and 
merely repeating answers. A few patients developed 
associations such as short stories to remember the words. 
Learning how to remember three unrelated words each day 
suggests these patients were very alert. 
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Data was collected twice a day for five days after 
surgery. This occurred first early in the morning soon 
after the orthopaedic surgeons made their rounds and before 
the patients went to physical therapy. The patients had 
already been awakened and it was a quiet time before their 
hectic daily schedule began. Their schedule consisted in 
part of physical therapy twice a day off the unit. The 
second assessment was made following the patient's afternoon 
physical therapy session and either prior to or immediately 
after dinner. Patients often got tired of being assessed so 
often and thus, sometimes refused to be assessed in the 
evening. Some patients might have been afraid to appear 
confused and thus refused to be assessed. Considering the 
occasional inconvenience for the patient, the majority of 
them complied and participated in the assessments. 
Patients refused to be tested at certain times due to 
either illness, fatigue, or diagnostic tests. Patient 
assessments were also lost due to the patient being 
discharged in less than five days. These patients were 
primarily healthy so few, if any, were confused. 
Use of one data collector lent a continuity to the data 
collection, but also presented the potential for researcher 
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bias and fatigue. The sole data collector might also have 
presented an intervention effect. Patients became familiar 
with the data collector to the point that the data collector 
might have been an orienting stimulus, keeping the patients 
from becoming delirious. 
Implications for Future Research 
Based on the review of the literature, an analysis of 
the data assembled and refined, the following 
recommendations are made for further research. Obtaining 
subjects from the one institution and more specifically from 
one patient care unit kept extraneous variables to a 
minimum. All surgeries were done by the same group of 
orthopaedic surgeons limiting variation in perioperative 
procedures. These are significant strengths of this study. 
Type of orthopaedic surgery might impact incidence of 
delirium. In speaking with nurses who have cared for 
numerous joint replacement patients, it was a common 
suspicion of theirs that postoperative delirium in elderly 
patients occurs more often in total knee replacement 
patients. There are no definitive findings in the 
literature regarding this assumption. A comparative study 
between elderly total knee and total hip replacement 
patients regarding postoperative delirium would be 
interesting. Studying patients who have hip surgery related 
primarily to fractures in comparison to patients having 
elective hip surgery might identify other etiologies for 
delirium following hip surgery. 
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Should this study be replicated, use of a tool such as 
the MMSE might be avoided because the majority of the 
patients learned the assessment. Although the MMSE is the 
"gold standard" in assessing mental, the NEECHAM correlates 
well with it and might be used instead. Tools similar to 
the NEECHAM that require minimal patient tasks, energy and 
structured responses and more nurse assessment with clear 
guidelines for what the nurse should focus on assessing are 
preferred. 
Because this data collection is so intense, the use of 
two data collectors well versed in the administration of the 
tools might be prudent to save on investigator energy and to 
increase the sample size. Assessing four patients at a time 
was the limit for this investigator for a five day period. 
Afterwards a few days was required when the data collector 
"recharged" and processed what was assessed. Data collector 
fatigue might interfere with the accuracy of patient 
assessment when more than four patients are assessed at a 
time. During this down time when the data collector was 
"recharging" potential subjects were lost. 
Since few patients in this study showed acute 
confusion, a study of the more subtle components of delirium 
such as attention and memory might reveal less obvious 
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changes in mental status following surgery in the elderly 
patient. Developing a method to accomplish this and limit 
patient active participation in the process is a challenge. 
Closing Comment 
Scores for delirium were affected by age in that as 
patient age increased, delirium and mental status scores 
tended to decrease. Thus, health professionals need to 
consider age when caring for elderly postoperative hip 
surgery patients. Further research is needed to explore the 
impact of time of day on mental status and risk for delirium 
in elderly patients. 
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APPENDIX A 
DSM IV - DIAGNOSTIC CRITERIA FOR DELIRIUM 
AMERICAN PSYCHIATRIC ASSOCIATION (1994) 
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A. Disturbance of consciousness (i.e. reduced clarity of 
awareness of the environment) with reduced ability to focus, 
sustain or shift attention. 
B. A change in cognition (such as memory deficit, 
disorientation, language disturbance) or the development of 
a perceptual disturbance that is not better accounted for by 
a preexisting established or evolving dementia. 
C. The disturbance develops over a short period of time 
(usually hours to days) and tends to fluctuate during the 
course of the day. 
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APPENDIX B 
ETIOLOGICAL FACTORS IN POSTOPERATIVE DELIRIUM 
Lipowski (1990); Tune (1991) 
Preoperative Period 
Predisposing factors: 
1. Over 60 years of age (Lipowski, 1990); over 50(Tune,1991) 
2. Cerebral disease 
3. Chronic renal, cardiac, hepatic, or pulmonary disease 
4. Addiction to alcohol and/or sedative-hypnotics 
5. History of delirium, dementia or functional psychosis 
6. Patient or family history of psychosis 
7. Personality disorder 
8. Depression 
Preoperative risk factors: 
1. 75 years of age or older 
2. Male 
Intraoperative and Postoperative Period 
Contributory factors: 
1. Intensive care unit stay (sensory deprivation, overload) 
2. Sleep deprivation 
3. Immobilization 
4. Psychological stress 
5. Length of time under anesthesia 
6. Pain 
Precipitating organic factors: 
1. Drug intoxication,anticholinergics, anesthesia, 
analgesia. Spinal less risk Than general anesthesia. 
2. Metabolic: hypoxemia, hypercarbia, hypocarbia, 
dehydration, electrolyte imbalance, acid-base imbalance, 
hepatic or renal failure. 
3. Hemodynamic: hypotension, hypovolemia,cardiac failure. 
4. Respiratory: hypopnea, apnea, pulmonary embolism. 
5. Infection: pneumonia, septicemia, bacteremia. 
6. Cerebral: trauma, edema, CVA, embolism, metastases. 
7. Alcohol and/or sedative-hypnotic withdrawal syndrome 
8. Malnutrition, vitamin deficiency 
9. Seizures 10. Porphyria 
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APPENDIX C 
NEECHAM CONFUSION SCALE 
NAME/ID: DATE: TIME: 
------ --- ---SCORED BY: 
LEVEL 1 - PROCESSING 
PROCESSING-ATTENTION: Attention-Alertness-Responsiveness) 
4 Full attentiveness/alertness: responds immediately and 
appropriately to calling of name or touch-eyes, head 
turn; fully aware of surroundings, attends to 
environmental events appropriately 
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3 Short or hyper attention/alertness: either shortened 
attention to calling, touch, or environmental events or 
hyper alert, over-attentive to cues/objects in 
environment. 
2 Attention/alertness inconsistent or inappropriate: slow 
In responding, repeated calling or touch required to 
elicit/maintain eye contact/attention; able to 
recognize objects/stimuli, though may drop into sleep 
between stimuli. 
1 Attention/alertness disturbed: eyes open to sound or 
touch; may appear fearful, unable to attend/recognize 
contact, or may show withdrawal/combative behavior. 
O Arousal/responsiveness depressed: eyes may/may not open; 
only minimal arousal possible with repeated stimuli; 
unable to recognize contact. 
PROCESSING-COMMA.ND: (Recognition-Interpretation-Action) 
5 Able to follow a complex command: '~Turn on nurse's call 
light". (Must search for object, recognize object, 
perform command.) 
4 Slowed complex command response: requires prompting or 
repeated directions t follow/complete a complex 
command. Performs complex command in "slow"/over-
attending manner. 
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3 Able to follow a simple command: "Lift your hand or foot 
Mr ... ". (Only use 1 object.) 
2 Unable to follow direct command: follows command prompted 
by touch or visual cue--drinks from glass placed near 
mouth. Responds with calming affect to nursing contact 
and reassurance or hand holding. 
1 Unable to follow visually guided comm.and: responds with 
dazed or frightened facial features, and/or withdrawal-
resistive response to stimuli, hyper/hypoactive 
behavior; does not respond to nurse gripping hand 
lightly. 
O Hypoactive, lethargic: minimal motor/responses to 
environmental stimuli. 
PROCESSING-ORIENTATION: (Orientation, Short-term Memory, 
Thought/Speech Content) 
5 Oriented to time, place, and person: thought processes, 
content of conversation or questions appropriate. 
Short-term memory intact 
4 Oriented to person and place: minimal memory/recall 
disturbance, content and response to questions 
generally appropriate; may be repetitive, requires 
prompting to continue contact. Generally cooperates 
with requests. 
3 Orientation inconsistent: oriented to self, recognizes 
family but time place orientation fluctuates. Uses 
visual cues to orient. Thought/memory disturbance 
common, may have hallucinations or illusions. Passive 
cooperation with requests (cooperative cognitive 
protecting behaviors). 
2 Disoriented and memory/recall disturbed: oriented to 
self/recognizes family. May question actions of nurse 
or refuse requests, procedures (resistive cognitive 
protecting behaviors). Conversation content thought 
disturbed. Illusions and/or hallucinations common. 
1 Disoriented. disturbed recognition: Inconsistently 
recognizes familiar people, family, objects. 
Inappropriate speech/sounds. 
O Processing of stimuli depressed: minimal response to 
verbal stimuli. 
LEVEL 2 - BEHAVIOR 
BEHAVIOR - APPEARANCE: 
2 Controls posture. maintains appearance, hygiene": 
appropriately gowned or dressed, personally tidy, 
clean. Posture in bed/chair normal. 
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1 Either posture or appearance disturbed: some disarray of 
clothing bed or personal appearance, or some loss of 
control of posture, position. 
0 Both posture and appearance abnormal: disarrayed, poor 
hygiene, unable to maintain posture in bed. 
BEHAVIOR - MOTOR: 
4 Normal motor behavior: appropriate movement, coordination 
and activity, able to rest quietly in bed. Normal hand 
movement. 
3 Motor behavior slowed or hyperactive: overly quiet or 
little spontaneous movement (hands/arms across chest or 
at sides or hyperactive (up/down, '~jumpy"). May show 
hand tremor. 
2 Motor movement disturbed: restless or quick movements. 
Hand movements appear abnormal-picking of bed objects 
or bed covers, etc. May require assistance with 
purposeful movements. 
1 Inappropriate. disruptive movements: pulling at tubes, 
trying to climb over rails, frequent purposeless 
actions. 
0 Motor movement depressed: Limited movement unless 
stimulated; resistive movements. 
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BEHAVIOR - VERBAL: 
4 Initiates speech appropriately: able to converse, can 
initiate and maintain conversation. Normal speech for 
diagnostic condition, normal tone. 
3 Limited speech initiation: responses to verbal stimuli 
are brief and uncomplex. Speech clear for diagnostic 
condition, tone may be abnormal, rate may be slow. 
2 Inappropriate speech: may talk to self or not make sense. 
Speech not clear for diagnostic condition. 
1 Speech/sound disturbed: altered sound/tone. Mumbles, 
yells, swears or is inappropriately silent. 
O Abnormal sounds: groaning or other disturbed sounds. No 
clear speech. 
LEVEL 3- PHYSIOLOGIC CONTROL 
PHYSIOLOGIC MEASUREMENTS: 
Recorded Values: 
Temperature 
Systolic BP 
Diastolic BP 
Heart Rate (HR) 
Regular/Irregular 
Respirations 
02 sat 
Normals: 
( 36-3 7deg) 
(100-160) 
(50-90) 
( 60-100) 
(Circle one) 
(14-22) (Count for one full 
minute) 
(93 or above) 
VITAL FUNCTION STABILITY: (Count abnormal SBP and/or DBP as 
one value; count abnormal and/or irregular HR as one; count 
apnea and/or abnormal resp. as one; and abnormal temp. as 
one.) 
_2 BP, HR, TEMP, RESPIRATION within normal range with 
regular pulse 
1 Any one of the above in abnormal range 
O Two or more in abnormal range 
121 
OXYGEN SATURATION STABILITY: 
2 02 sat in normal range (93 or above) 
1 02 sat 90 to 92 or is receiving oxygen 
O 02 sat below 90 
URINARY CONTINENCE CONTROL: 
2 Maintains bladder control 
1 Incontinent of urine in last 24 hours or has condom cath 
0 Incontinent now or has indwelling or intermittent cath or 
is anuric 
LEVEL 1 Score: Processing 
(0-14 points) 
LEVEL 2 Score: Behavior 
(0-10 points) 
LEVEL 3 Score: Integrative Physiological Control 
( 0-6 points) 
TOTAL NEECHAM 
Total Score of: 
0-19 
20-24 
25-26 "Not 
27-30 "Not 
( 0-30 points) 
Indicates: 
Moderate to severe confusion 
Mild or early development of confusion 
confused", but high risk for confusion 
confused", or normal function 
copyright 1985/89 Neelon/Champagne/McConnell 
Please note that due to margin specifications for this 
manuscript the original copy of the NEECHAM Confusion Scale 
could not be placed here, but was retyped to represent, as 
close as possible, the original. 
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Maximum 
Score 
5 
3 
9 
5 
5 
3 
Score 
APPENDIX D 
M:M:SE 
(Folstein, et al., 1975) 
ORIENTATION 
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What is the (year) (season) (date) (month)? 
Where are we? (state) (town) (hospital) (floor). 
REGISTRATION 
( ) Name 3 objects: 1 second to say each. Then 
ask the patient all 3 after you have said 
them. Give 1 point for each correct answer. 
Then repeat them until he learns all 3. 
Count trials and record. Trials 
ATTENTION AND CALCULATION 
( ) Serial 7s. 1 point for each correct. Stop 
after answers. Alternatively spell "world" 
backwards. 
RECALL 
( ) Ask for the 3 objects repeated above. Give 1 
point for each correct answer. 
LANGUAGE 
( ) Name a pencil and watch (2 points) . 
Repeat the following "No if, ands, or buts." 
(1 point) 
Follow a 3 stage command: 
"Take a paper in your right hand, fold it in 
half, and put it on the floor" (3 points). 
Read and obey the following: 
"Close your eyes" (1 point). 
Write a sentence (1 point). 
Copy design (1 point). 
Total score 
Assess level of consciousness along a continuum. 
Alert Drowsy Stupor Coma 
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B ~ 
THE UNIVERSITY OF NORTH CAROLINA 
AT 
CHAPEL Hill 
125 
Dean'' Office (9191 966-3731 
Associate Dean's Office 966-3733 
Graduate Studies' Office 966-)733 
Undcr1raduatc Studies' Office 966-1511 
School of Nursing 
CB• 7460, Carrington Hall 
Chapel Hill, NC ~7599-7460 
FAX (919) 966-7298 
Studcn1 Xn1ccs 966.~:60 
Contmuina Education 966.3638 
AHEC ~urs1ng 966-J"J~ 
Social and Adm1n. Systems Dept. 966-5681 
Adult and Genamc HcaJth ~t. ~269 
Community and Mental Hca1th Dept. 966-4352 
Health of Women and Chddrc-n Dept. 966-4298 March 3, 1995 
Marianne L. Jagmin, RN, MS 
Doctoral Candidate 
1 Bridlewood Trail 
South Barrington, Il 60010 
Dear Ms. Jagmin: 
Research Support Center 966-q:o 
CXs1gn and Technolou (enter 966- 3601 
Public Rclat1ons1Alumnt Affairs 966-141: 
[ko.·clopmcnt Offu:c %6.~19 
congratulations on nearing completion of your doctoral 
studies. I look foward to hearing about your findings. 
Given appropriate credit, you have my permission to include 
the scale in your appendix. For your information, I enclose 
a revised instruction pack and a copy of the scale now 
included with the instructions. The items are not changed 
and all the psychometric data apply, but we have modified 
headings for consistency. If possible, I ask that you put 
this copy in your dissertation. 
Thank you for your interest in the scale. I wish you 
success in your future professional endeavors. 
Sincerely, 
v ~ \M""--~J, 0 Q ~~ t-J 
Virginia J. ~~;,"'RN, PhD 
Associate Professor and 
Director, Biobehavioral Laboratory 
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